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SUMMARY

A methodology has been developed to provide calibration data for Loran-C
navigators designed to be used in harbor, harbor entrance areas. The
methodology can be applied over a wide range of local environments. Visual
aids to navigation are used as a position reference whenever possible. An
electronic positioning system is used when available visual aids to navigation
are not satisfactory. The data acquisition system, data collection
techniques, and data analysis procedures have been field tested in New York
Harbor, the Delaware Bay and River, and the St. Marys River.

The calibration points, waypoints, are calculated for each intersection of
commonly used tracklines in a harbor area. Additional calibration points,
termed trackpoints, are added as necessary to minimize position errors.

A typical harbor with 20-30 waypoints can be surveyed over a two week
period. A survey crew consists of three to five persons; a survey using only
visual aids could be accomplished with as few as two. The survey data is
analyzed in the field as the survey progresses to prevent the need to
resurvey. Troublesome data is identified, and the data is recollected.

This document provides a brief description of the data acquisition system,
Time-Difference Survey System (TDSS); and a detailed description of data
collection and data analysis procedures. (A complete description of the TDSS
can be found in the Coast Guard Research and Development Center Report, "Time
Difference Survey System (TDSS)"). Improvements and expanded utilization to
the TDSS is discussed. Also discussed is a technique analogous to a track
plotter for user equipment self-calibration.
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INTRODUCTION

Loran-C harbor survey techniques have been developed to provide

calibration data for Loran-C navigators designed to be used in harbors and
harbor-entrance (HUE) areas. Calibration points are provided for each

straight line channel intersection, i.e., a waypoint. A calibration point
between waypoints termed a trackpoint can be added, if necessary, to reduce

position errors to an acceptable level (e.g., less than 10 meters cross-track)
in areas where there is grid warp. Included in the survey techniques are
procedures to validate the waypoints and detect the need for trackpoints. A
data acquisition system for collecting Loran-C time-difference (TD) data and

electronic position data has been designed, implemented and field tested. The
survey techniques are designed such that the data is collected and waypoints
are calculated and verified in the field.

Two general methods of surveying waypoints have been developed. One

method is used in restricted waterways where it is impractical to use a short
range electronic positioning system. These waterways must be marked well by
visual aids to navigation (particularly visual range markers) and have
distinct channel boundaries. A good example of such a waterway is the St.

Marys River, which connects Lake Superior and Lake Huron. The second method
is designed for areas where a short-range electronic positioning system is

practical. In this case there are no requirements for visual ranges and
distinct channel boundaries. A good example of such an area is outer New York

harbor. The first method is termed Visual Reference Survey; the second,
Electronic Positioning Augmentation.

VISUAL REFERENCE SURVEY

SURVEY APPROACHES

In areas such as a winding river it is an expensive and time consuming

operation to setup and operate a short range electronic positioning system
(e.g. Mini-Ranger, Autotape, Etc.) to provide a position reference for a
Loran-C TD waypoint survey. Two effective techniques have been developed
which utilize existing visual aids to navigation as the positioning
reference. The first technique, Range-Range, is designed for the case where
both channels which define the waypoint are marked by visual ranges. Examples
of such a case are shown in figures 1A and lB. The second technique,
Channel-Edge, is designed for the case where one or both channels defining the

: .iwaypoint is not marked by a range, but the channel edges are well defined

(easily detectable by a fathometer) and/or marked by fixed and floating aids
to navigation. An example of such a situation is shown in figure 2.

Range-Range Survey
In the case where both channels which define the waypoint are marked by

visual ranges, the waypoint is defined as the point where both ranges close
simultaneously. The visual ranges provide an excellent cross track reference

near the channel centerline. An attempt could be made to survey the waypoint
by maneuvering the survey vessel until both ranges are closed and then
attempting to maintain this station until sufficient Loran TD data is
collected. Unfortunately, such a technique is impractical to implement due to
the wind, current and other vessel traffic conditions normally encountered.

2
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An alternative approach is described below.

Mathematical Basis

In the area about a waypoint, the Loran-C TD lines-of-position (LOPs) can
be approximated by the linear model below:

TDX-TDXo =all(x-xo) + a12(y-yo) + nx (I)
TDY-TDY0 =a2 1(x-xo) + a2 2(y-yo ) + ny (2)
TDZ-TDZo =a3 1(x-Xo) + a32(y-yo) + nz  (3)

where

TDX, TDY, TDZ are observed TDs
TDXo, TDY0, TDZo are waypoint TDs
x, y are position coordinates of the observation
X0, yo are waypoint position coordinates of the waypoint
ai,4 are coefficients of the gradient matrix (directional derivatives

of the TD grid)
nx, ny) nz are error terms due to noise and nonlinearities

Position and TD data collected during an experiment in the Groton, CT,
area displayed excellent agreement (i.e., rms errors less than .050 microsec)
with the above model within 1.5 km of a waypoint.

The equations for the centerline of the channels defining the waypoint can

be written in the following form.

(Y-yo) H 1, (x-x o ) (4)
(Y-yo) - 2 (x-xo) (5)

where y - north-south position

x - east-west position
Ml,M2  tan (course lines)
XoY o - waypoint coordinates

The equations for the channel centerlines can be expressed totally in
Loran-C TD coordinates by substituting equations (4) and (5) into equations
(1), (2) and (3). For example:

Trackline 1: (TDY-TDYO) - bl(TDX-TDX0) + N1 (6)
Trackline 2: (TDY-TDYo ) - b2(TDX-TDXo) + N2  (7)

where bI - (a21 + a22Ml)/(all + al2MI) (8)
b 2  (a2 1 + a2 2 M2 )/(all + a1 2M2 ) (9)

6
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N 1  n - b1 %  (10)
N2 - - b2 nx  (11)

The equations for the tracklines can be similarly expressed in terms of TDX
and TDZ and TDY and TDZ.

Loran-C TD data can be collected along the centerlines of each channel
near the waypoint using the visual ranges. An estimate of the trackline
equations in TD coordinates can be calculated using linear regressions to the
data. These equations are in a slightly different form than equations (6) and
(7).

trackline 1 regression line: TDY-TDYI=Cl(TDX-TDXl) (12)

trackline 2 regression line: TDY-TDY2 =C2(TDX-TDX2) (13)

where

TDX1 , TDX2 - mean of the TDX data collected on trackline 1, 2
TDY1 , TDY2 - mean of the TDY data collected on trackline 1, 2
C1 - calculated slope from the linear regression of trackline 1

data
C2 - calculated slope from 'he linear regression of trackline 2

data
Slope - r(Stdy/Stdx) (14)

Stdy - standard deviation of TDY data
Stdx -standard deviation of TDX data
r ,.orrelation coefficient of TDX and TDY data

Waypoint Estimation

An estimate of the waypoint TDs (TDXo, TDY ) is determined by calculating
the intersection of equations (12) and (133.

For each pair of Loran-C TDs collected, a set of regression lines and
their intersection is calculated. If three TDs are collected, there are two
estimates calculated for each waypoint TD (e.g., TDXo and TDYo estimated

from TDX/TDY regression lines, TDXo and TDZo from TDX/TDZ regression
lines, and TDYo and TDZo estimates from TDY/TDZ regression lines). If
four TDs are collected, three estimates for each waypoint TD are calculated.

The accuracy of the waypoint estimates is a function of:

a. the crossing angle of the tracklines (in TD coordinates)

b. the confidence bounds for the regression lines at the point of
intersection.

7



estimated rms error (Si2 + S22)1/2/sin(A) (15)
of waypoint

where:

Sl - one sigma confidence bound of trackline one regression line at
the calculated waypoint

S2 - one sigma confidence bound of trackline two regression line at

the calculated waypoint

A - crossing angle of the tracklines for equations (12) and (13) in

time difference coordinates

A - ABS (arctan (C2 ) - arctan (C1 )) (16)

S12 - RES12 (1/Ni + (TDXo-TDX1) 2/((Nl-2)(Stdxl 2 ))) (17)

S22  RES22 (I/N2 + (TDXo-TDX2)2 /((N2-2)(Stdx22 ))) (18)

Ni = Number of data samples on trackline one
N2 = Number of data samples on trackline two

RESI,RES2 - Standard deviation of residuals for the regression line
fit to trackline one data, trackline two

Stdxl,Stdx2 - Standard deviation of TDX data for trackline one data,
trackline two
Stdyl,Stdy2 - Standard deviation of TDY data for trackline one data,

trackline two

RES12 - Stdyl (1-rl) 2  (19)
RES22 _ Stdy2 (l-r2 )

2  (20)

rl,r2 - correlation coeffecient of TDX and TDY for trackline one
data, trackline two

The crossing angles of the tracklines in TD coordinates are determined by
the orientation of the tracklines (in spatial coordinates) and the locations
of the Loran-C transmitters. Control of the accuracy of the estimated
waypoint coordinates depends on the ability to minimize the confidence bounds
of the regression lines at the waypoint. From equations (16) and (17) the
confidence bounds for the regression lines at the waypoint are functions of:

a. the residuals (RES) for the regression line fit to the data. The
residual is the standard deviation of the difference between actual data
points and the regression line equation. The smaller the residuals, the
better the fit of the line to the data. The residuals of the trackline are a
function of the signal-to-noise ratio of the TDs measured and the track
keeping of the survey vessel. The trackline length should be long enough such
that length of the trackline in microseconds is much greater than the standard
deviation of the TDs due to noise. A good rule of thumb is that the trackline
length be at least 35 times the standard deviation of the T1) at dockside
(e.g., 1-1.5 microseconds).

8



b. the number of data samples (N). The confidence bound decreases by the
square root of the number of data samples. Thus, there is diminishing return
to taking more than 100 samples.

c. the distance (in microsec) between the mean of the data set and the

calculated waypoint, (TDXo-TDX). Ideally, the survey pattern should form an
X. The worst case is when the survey pattern forms a V. If the survey
pattern forms a V, the (TDXo-TDX) term is maximum. (The survey lines for a
V should always at least reach the waypoint.) Assuming data is collected
uniformly along the survey trackline and the survey line stops at the
waypoint, the term:

(TDXo-TDXi)2/Stdxi - 3 (21)

To achieve the same accuracy figure with a V survey as an X survey with the
same residuals R:

R2(l/Nx) = R2(I/Nv + 3/Nv) (22)

Nv = 4Nx (23)

The number of samples in the V survey (Nv) must be four times the number of

samples in the X survey(Nx).

Channel Edge Survey
In the case where the one or both of the channels defining the waypoint is

not marked by a visual range, the TDs of the waypoint can be calculated
without resorting to an electronic positioning system if there are distinct

channel boundaries and/or good visual aids to navigation. Loran-C TD data can
be collected along the channel edges and at aids to navigation near the

waypoint. The difference in TDs between an aid-to-navigation (preferably
fixed) and the waypoint are calculated based on the relative positions of the

aid from the waypoint. The difference in position establishes the offsets to
be applied to the TDs measured at the aid-to-navigation to form an estimate of
the waypoint TDs. The position offset between the aid and the waypoint can be
determined from the local navigation chart or Army Corps of Engineers (COE)
dredging data. The estimated waypoint TDs can be used as a reference point
for converting the TDs collected along channel edges and at aids-to-navigation

to position coordinates. The position data can. be plotted to the chart scale
to produce an overlay to the navigation chart or converted to along/cross
track and plotted with respect to the channel centerlines. The plots can be
compared to navigation chart and/or COE data to detect systematic errors. If
an error is detected, a correction to the waypoint TDs must be calculated.
The TD data can be again converted to position data referenced to the

waypoint. The position data can then be compared to the navigation chart and
COE data to verify that the correction was applied correctly. The procedure
must be repeated until there are no detectable systematic errors.

Waypoint Estimation

A general expression for calculating Loran-C time difference at a position

(x,y) is:

TD = (Rs-Rm)/Vp+(SFs-SFm)+(ASFs-ASFm) - Emis (24)

9



where:

TD - calculated TD

Vp - velocity of propagation corrected for the index of refraction;
for index refraction - 1.000338
1/Vp - 2.998986 microsec/kilometer

Rs,Rm - range to secondary station, master station
R - ((Xs-X) 2+(ys-y)2)I/2

SFs,SFm - correction factor for progation delays over sea water; for
Rs and Rm greater than 160 km, SFs-SFm - .001l(Ra-Rm)

ASFs,ASFm - correction factor for additional propagation delay for
over land paths

Emis - secondary station emission delay

For harbor survey applications, the terms in equation (24) after (Rs-Rm)/Vp
can be treated as a constant for the harbor area, i.e.,

TD - (Rs-Rm)/Vp + C (25)

The difference in TDs between two points is then:

TD2-TDl - (Rs2-Rm2)/Vp-(Rsl-Rml)/Vp (26)

or

TD2 - TDl + (Rs2-1m2)/Vp-(Rsl-Rml)/Vp (27)

The above expression can be used to calculate the estimated difference in TDs
between an aid-to-navigation (TD1) and a waypoint (TD2).

Aid and Channel Edge Plotting
The algorithm developed for the PILOT Loran-C navigator1 can be used to

convert TD date to position coordinates. This algorithm calculates the
differential position on the difference between the measured TDs and the
waypoint TDs. This differential position is then added to the waypoint
position. The algorithm is basically the inverse of equation (27).

An initial position estimate is made using the linear expression.

_ Zo+G(TD-TD ) (28)

where

- first position estimate
Z - waypoint position

- measured TDs
TDo - waypoint TD

= gradient matrix

10



The TDs corresponding to Zl, TDZ1, are calculated using equation(27). A second position estimate, Z2, is then calculated;

.2 - 11 + G(TD-TD_I) (29)

If the difference between Z2 and Z1 is less than one meter, the
calculation is ended. If not, a third position calculation is made:

-2 + G(TD-TD 2) (30)

The procedure is repeated until the'difference between successive position
calculation is less than one meter.

Data to verify a range-range solution is collected along the entire length
of the channel centerline using the visual range to maintain the survey vessel
on the centerline. If there is a distinct or well marked channel edge, TD
data is also collected along channel edges. The TD data is converted to xy
and along/cross track positions and compared to the navigation chart and COE
data if available. The along/cross track plot of the centerline data will
indicate if the waypoint calculations are correct and if there is a
requirement for a tracpoint between the waypoints. See the Data Analysis
section.

Verification

The channel edge survey is self-verifying. The waypoint is chosen suchthat TD data converted to xy positions agrees with the navigation chart. The
solution is normally checked with a redundant set of channel edge data not
used in the original waypoint solution.

PRE-SURVEY PLANNING

Overview
The first step in the pre-survey planning process is to determine if the

visual survey technique can be applied to the area of interest. In some
cases, a portion of the area can be surveyed using visual techniques and the
remainder of the area will require electronic positioning augmentation. The
remainder of the section assumes that it has been determined that the visual
survey is applicable to at least a portion of the area of interest. Presurvey
planning for electronic positioning augmentation is discussed under Electronic

*l Positioning Augmentation - Presurvey Planning. The visual survey technique
can be applied in areas where the channels are marked by visual ranges and/or

* where the channels have distinct, well marked boundaries.

During the presurvey planning stages of a Loran-C harbor survey, the
navigation charts for the area are studied to define waypoints and select a
survey strategy for each waypoint. Some calculations are also performed to
assist in the data collection phase.

Waypoint Definition
If the channels defining the waypoint are both marked by visual ranges,

the waypoint is chosen as the intersection of the two visual ranges. In some
cases the ranges may not mark the centerline of the channel boundaries. Such
an example is seen in figure 1A, a section of the St. Marys River. If the
channels are not marked by ranges, the intersection of the coon tracklines
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(e.g., channel centerlines) are defined as the waypoints. Local A to N
personnel and/or Pilot Association personnel should be consulted if there is
any doubt as to where a waypoint should be defined or to determine common
vessel tracks. It is important that each waypoint be uniquely defined.

COE Survey Data

Dredging charts and data can be obtained from the COE office responsible
for the area of interest. This data provides more detail on channel
boundaries, channel width and length, and channel courses than the
conventional navigation charts. The COE data is particularly useful for the
channel edge survey technique. Figures 3 and 4 are examples of the type of
data available from the COE. The data typically is in state-plane
coordinates. To be useful for the survey, the coordinate units must be
changed from feet to kilometers, and referenced to the local origin used in
the survey. (The local origin is discussed in the following paragraphs.)

FEHG Algorithm
The Flat Earth Hyberbolic Grid (FEHG) TD to xy position conversion

algorithm, developed for the PILOT Loran-C navigator1 , is used to validate
waypoints. The algorithm uses a planar grid centered at an arbitrary local
origin in the harbor area. The origin is usually chosen as a waypoint or a
fixed aid to navigation near the center of the harbor area. The planar (xy)
coordinates of transmitter locations are determined using great circle
calculations based on the latitude and longitude of the transmitters and the
latitude and longitude of the local origin. Waypoint xy coordinates (other
than the local origin) are calculated from the difference in TD coordinates of
the waypoint and local origin using the FEHG algorithm. (See APPROACH -i Channel Edge Survey)

Waypoint and Loran-C Chain Data Files
I The data analysis program for visual survey, TLS1, is used both during the

presurvey planning and post-survey data analysis. Documentation and user
instructions for TLSl are contained in Appendix A. The program stores and
uses Loran-C chain data and waypoint files to perform calculations. The
Loran-C chain file contains the transmitter geodetic positions, transmitter
power level, and secondary emission delays. The waypoint files store waypoint
TDs, latitude, longitude, and xy position relative to the local origin. The
waypoint file is a 25X8 array. Each row contains the data for one waypoint.
Waypoint 25 is assigned to the local origin. Waypoints are broken down into
convenient sequences and numbered. A waypoint file is created for each
sequence. The number of waypoints in each sequence is usually limited to

twenty. This allows four rows in the file for trackpoints to be stored if
needed. (The local origin is stored in the waypoint 25 position in each
waypoint file.)

During pre-survey the latitude and longitude of each waypoint is
determined from the navigation chart and stored in the waypoint file.
(Latitudes and longitudes can be calculated from state-plane coordinates using
the algorithms listed in Reference 3.) The TDs for each waypoint are
predicted using TLSl and stored in the appropriate waypoint file. The xy
coordinates of the waypoints based on the predicted TDs may also be calculated
and stored in the waypoint file. This step may be used as a check of the
position and predicted TD data previously entered.

12
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Preparation of Survey Plan

A survey plan is prepared for each waypoint using the navigation charts,

COE survey data, and information gathered from local A-to-N personnel and

users of the harbor area.

Range-Range Waypoints.

Figure 5 is a survey planning form for a waypoint defined by the

intersection of two ranges. Items to consider for a range-range survey are:

a. survey pattern: an "X" survey pattern is the preferred survey

pattern. Unfortunately this pattern is not always realizable due to the lack

of navigable water or the loss of visibility of one of the range markers

beyond the waypoint. It may be possible to run a balanced survey line (e.g.,

bracket the waypoint) on one trackline, and not on the other. This pattern,

e.g., a "Y", is better than a V. An effort should be made to collect data at

least to the waypoint. In some cases even this may be difficult as the front

or rear range may become obscured near the waypoint.

b. trackline length. The recommended survey trackline length is

approximately 1 kilometer. The anticipated tracklines endpoints should be

marked on the navigation chart (or a copy of the chart in the area of the

waypoint) and turn aids noted.

c. potential problems. The navigation chart should be studied carefully

for potential problem areas such as bridges and overhead power lines near the

tracklines. Avoid the region for at least 300 meters to either side of a

power line or bridge when collecting waypoint data. Range markers that will

be at the far end of the channel should be noted. These ranges may be

difficult to see during daylight hours. Such waypoints are much easier to

survey during dusk or at night.

d. simulation. One of the program functions of TLS1 is a range-range

survey simulation. Input are the waypoint number, start and stop points ofIthe survey tracklines, expected TD noise, and number of samples. The program
function computes a data set for each trackline and the resultant waypoint

calculations. The simulation is useful for predicting the crossing angles of

the tracklines, linear regression line slopes, and the effect of changing

survey patterns. In general, shallow crossing angles of tracklines on the

navigation chart will also produce shallow crossing angles in TD coordinates.

The only method to compensate for this is to increase the number of data

samples. The predicted regression line slopes are helpful during field data

collection as a check of the reasonableness of the data as it is being

collected (see Data Collection).

Channel Edge Survey.

The navigation chart for the area near the waypoint must be studied to

determine the aids to navigation channel edges and where TD data will be

collected. In general the more data collected, the better; however, some

effort must be made to keep the amount of data and time spent collecting the

data within reason. Some planning is advisable for the method the data will

be stored in data files. It takes a little longer to store data into several

files rather than one larger file during the data collection phase, but it is

easier to combine data files than break them up during data analysis. A

recommended procedure is to store data collected at each aid to navigation and

aslong channel edges (e.g., one side between two waypoints) in separate files.
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Verification Data.
Verification data for range-range waypoints can be readily collected when

traveling from one waypoint to another and enroute to a survey area. If the
same area is traveled several times, data can be taken along the channel edge$

as well as along the channel centerline.

It is a good practice to plan to collect a redundant set of channel edge
or fixed aid-to-navigation data in the area of a waypoint defined by channel
edge data. This can be used as a check for the waypoint calculations.

DATA COLLECTION

Time Difference Survey System (TDSS)
The TDSS is a data acquisition system designed to collect Loran-C time

difference and position data for Loran-C harbor survey applications. The
system provides a real time graphic display of the data as it is collected and
calculates cumulative statistics including linear regression parameters for
the TD variables.

The TDSS consists of a Hewlett-Packard HP9845T desktop computer, an
Austron 5000 Loran-C monitor receiver, a Motorola Mini-Ranger positioning

system and a Deltec Uninterruptable Power Supply (UPS). The Mini-Ranger

system is not used for visual survey applications. The UPS is necessary only
when the reliability and stability of electrical power is in question.

A complete description of the TDSS is contained in the Time Difference
Survey System (TDSS) Installation and Operation Manual2 .

Special Function Keys.
Figure 6 is the overlay for the special function keys (SFKs) on the

HP9845. The keys can be functionally divided into two groups: Austron 5000
Control and Data Collection. Tables 1 and 2 are brief descriptions of the
functions of the SFKs for each group.

TD/TD Graphics Plot.
An example of the TD/TD graphics plot is shown in figure 7. The TDs to be

plotted, predicted waypoint, anticipated minimum and maximum TD values, and
predicted regression line slope must be input to the calculator during data

collection initialization. Each data point collected is plotted on the CRT
(if it falls within the plotting area). The cursor is positioned over the

latest sample. The bar graphs to the left of the plot indicate the confidence
bound of a regression line fit to three pairs of TDs (WX, XY and YZ). Note
that this is the confidence bound at the mean (approximately the center) of
the trackline. The confidence bound at the end points is approximately twice
this value.

Statistics Tabulation.
At the end of a data collection run (typically 100 samples with a maximum

of 400 samples), the graphics display is dumped and a statistics summary table
is printed on the hard copy printer. Figure 8 is an example of the statistics
summary. A printout of tde current statistics can be obtained at anytime
during a data collection run by pressing the Stats key (SF28).

Austron 5000 Setup.
The Austron 5000 Loran-C Receiver offers operational flexibility not found

in a receiver designed for navigational use. Some important features for
survey use are:
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a. THCN: tracking loop bandwidth (time constant) - the TMCN command

controls the tracking loop time constant (TMCN/10 seconds). The higher the
TMCN (longer time constant) the greater the noise rejection, and the poorer

the tracking performance during changes in course and speed. For survey

applications it is desirable to have low TD standard deviations (high noise

rejection) and good tracking performance. Another constraint for data

collection is that data samples should be independent (e.g., not time

correlated). This latter constraint requires the interval between data

samples to be at least two tracking loop time constants (e.g., 2XTMCN/10

seconds). The maximum sampling rate of the TDSS is one sample every 12

seconds. This limitation is caused by the data transfer rate of RPRT messages

from the Austron 5000 to the HP9845. A TMCN of 50 (approx. 5 seconds)

provides good signal-to-noise ratio performance (standard deviation - 20-50

nanoseconds), acceptable dynamic performance, and enables the TDSS to be

operated at its fastest sampling rate.

b. CLIP: linear clipping level - noise in the low frequency spectrum

tends to be burst-like rather than continuously Gaussian distributed. The

Austron 5000 receiver provides linear processing which has excellent

performance characteristics under many conditions, (and is optimum for

Gaussian noise) but is suboptimal for burst type noise. There is a provision

for non-linear processing in the Austron 5000 which considerably improves

receiver performance in the presence of burst-type noise. The process is

clipping and is set by the CLIP command. A CLIP level of 130 is recommended

for survey operations.

c. STATIONS: stations tracked - The Austron 5000 has the capability of

tracking several Loran-C chains simultaneously and up to a total of six
stations. The TDSS software is designed for the Austron to be operated with

one chain with up to five stations including the Master. It is not necessary

that all four secondaries be in the track mode.

Waypoint Data, Range-Range

Track-keeping.

The ranges which define the waypoint and planned survey tracklines are

determined during the Presurvey Planning. On arrival in the area of the

waypoint, the ranges and turn aids should be identified. As discussed in

Presurvey Planning, the recommended trackline length is approximately I
kilometer (1/2 nautical mile). It is impossible to keep the ranges perfectly

aligned during an entire data collection run. However, an attempt should be
made to keep the survey vessel on range as close as possible. Wind and

current will tend to bias the vessel to one side of the centerline. The
tendency is to fall off the range, correct to the centerline, fall off the

range, etc. This process tends to bias the data to the down-wind (current)
side of the channel. A preferred procedure is to correct the vessel track

slightly to the up-wind (current) side of the channel centerline; such that
the average trackline is on the range. It is not necessary to "pause" data

collection when the survey vessel is slightly to one side or other of the
channel. Data collection should be "paused" during turns and when the survey
vessel is significantly off the range.

Sample Number and Multiple Runs.

The recommended survey procedure is to collect at least two repetitions of

the survey trackline rather than attempting to collect the desired number of
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COMOM KEY FUNCTION
ACQ1 K18 -Transmits an ACQ1 comand (signal-

acquisition) to the Austron 5000
RPRT1 K19 -Transmits a RPRTI comiand

to the Austron 5000
TNCN K20 -Requests a TNCN value from

operator, then sends coimand to
Austron 5000 to set input TMCN
to all stations

ON-KBD K8 -Sets RP9845 keyboard in teletype
mode. Keyboard is used as a

terminal to control Austron 5000
using standard Austron commands.

OFF-KBD [4 -Returns HP9845 keyboard tonormal calculator mode.

TDSS SPECIAL FUNCTION KEYS RELATED TO AUSTRON 5000
LORAN-C RECEIVER CONTROL

TABLE 1

COMMAND KEY FUNCTION
Data-col K21 -Initializes data collection

parameters.
Start [25 -Starts data collection.
Pause K9 -Pauses data storage and plot;

samples are displayed on CRT.
Cont KI0 -Cancels data-collection Pause.
Stop K26 -Stops data collection. The graphics

display is dumped onto the thermal

printer and a statistics summary
table is printed. Data may be stored
on magnetic tape.

Stats [28 -Prints an interim statistics summary
table.

Sign K29 -Inverts the trilateration triangle for
calculating position from Mini-Ranger
data; used when baseline between
reference stations is crossed.

TDSS SPECIAL FUNCTION KEYS RELATED TO DATA COLLECTION

TABLE 2
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samples on a single run. However, if conditions permit accurate trackkeeping
at a slow speed, a single run is adequate. The desired number of samples
depends on:

a. the distance to the front range and sensitivity of the range. This
will determine the capability of keeping the vessel on the channel centerline
(track-keeping noise).

b. the crossing angle of the tracklines. The only method to compensate

for poor crossing angles is to increase the number of data samples.

c. the survey pattern. If a "V" pattern must be used, a larger number of
samples is required than if an "X" pattern is used.

The usual range of samples is 50 to 200. However, there is usually not much
to be gained beyond 100 samples. The bar graphs on the TD/TD graphics display
are a good indicator of data quality. If the bar graph for the TD pair of
greatest interest is between 5 and 10 nanoseconds, there is usually sufficient
data. Another good check of data quality is the correlation coefficients for
the data pairs. Correlation coefficients in the range of +.9 to +.999 can be
expected.

Care should be taken in collecting data with the range markers "over the
shoulder." It is sometimes advantageous from a survey standpoint to collect
data in both directions. However, it is considerably more difficult to
maintain a good vessel track with the ranges to the stern of the survey
vessel. In some cases it is more prudent to collect data only in the
approaching direction. It may add some time to the data collection phase, but
it greatly simplifies the data analysis if little or no data editing is

necessary.

Verification Data, Range-Range
Data to verify waypoint calculation is collected along the channel

centerlines over the entire length of the channel. It is important during the
data analysis phase to know when the vessel was on the centerline. Notes
should be made during the survey of the sample numbers and approximate
alongtrack distance when the survey vessel is on the range. It will not
always be physically possible to maintain the vessel on the range over the
entire length of the centerline due to other vessel traffic. Again, the
sample number of when the vessel deviated from the centerline and when it
returned are extremely useful during data analysis. If the survey vessel must
deviate from the centerline for other traffic, it is a good practice to move
to the channel edge until the centerline is clear. The distance that the
vessel moved calculated from the TD data is compared to distance between the
channel centerline and channel edge on the navigation chart or COE data during
data analysis.

The data for waypoint verification can be collected enroute between
waypoints and enroute to a survey area. Several validation runs provide a
good check on the waypoint and the variability of the TD grid. One or more
centerline data runs and data taken along both channel edges are usually
sufficient.

If the verification data is being collected while enroute to a survey
area, the data for several channels can be strung together in the same data
file. The sample number when a turn is started and when the vessel is steady
on the next range should be recorded to assist the data analyst. The TDSS can
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collect up to 400 samples in a single data file. If this number will be
exceeded with the vessel partially between two waypoints, the data collection
run should be stopped, the data stored, and a new data collection run started.

Waypoint Data, Channel-Edge
Data to calculate the waypoint is collected at principal

aids-to-navigation near the waypoint and along the channel edges of the two
channels which define the waypoint. Wind, current and the position of the
survey vessel with respect to the aid-to-navigation should be recorded when
collecting data at an aid-to-navigation. The average fathometer reading
should also be recorded.

Data collected at aids to navigation near the waypoint should be stored on
separate data files. The channel edge data should be collected and stored in
segments consisting of one side of the channel between two waypoints. Buoys
or fixed aids along the channel edge can be marked by stationing the survey
vessel near the aid until 5 to 10 samples are collected. All accessible fixed
aids and every second or third buoy should be marked.

Waypoint Verification, Channel-Edge
Waypoint verification for the channel edge survey is accomplished as part

of the waypoint calculation. A redundant data file for at least one of the
channel edges should be collected. This data set can be used during data
analysis to check the waypoint calculations.

Data Files
The TDSS stores data in files on a magnetic tape cartridge with a maximum

of 400 samples per file. Each file is identified with a file name consisting
of 1-6 alphanumeric characters. It is convenient to establish a convention
for naming files before a survey begins so that the data that is stored on the
file can be identified for data analysis. Some suggestions for naming files
are listed below:

a. Range-Range Survey Line (Tracklines): TL (waypoint from) (waypoint
surveyed). TL76 and TL56 would be the two survey files for waypoint 6.

b. Range-Range Verification: CL(Start Waypoint) (Stop Waypoint). CL1819
is the data collected on the centerline (CL) between waypoints 18 and 19,
CL1720 is the data collected on channel centerlines starting near WPI7 and
stopping near WP20.

c. Channel Edge Data: RE(Start waypoint) (Stop Waypoint). RE1314 is the
data along the channel edge marked by red buoys (RE) between waypoints 13 and
14; BE1314 is the data along channel edge marked by black buoys (BE) between
waypoints 13 and 14. BUOY15 is data collected at Buoy 15, LT28 is data
collected at Light 28.

d. Dockside Data: DS(Julian Date)(Number). DS1892 is the second set of
dockside data collected on Julian day 189.

Local Monitor
Data from a local monitor is collected so that a correction plot can be

prepared for the time interval when survey data was collected. An initial
comparison can be made of dockside data and the TD data from the local monitor
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during the periods when dockside data was collected before getting underway
and after returning to port. This comparison is a check that any offsets in

the dockside data were also observed at the local monitor. This provides a
check of both the TDSS and local monitor. The correction plot is used during
data analysis to remove any temporal offsets from the survey data.

DATA ANALYSIS

A Hewlett Packard HP9845T desktop computer and the computer program "TLSI"

are used to analyze the data collected during a harbor survey using visual
reference positioning techniques. The program "TLSI" is a collection of
special function programs which can be used to

a. calculate waypoint TDs, and

b. evaluate the performance of the resultant waypoints.

TLS1. The program TLS1 consists of 19 special function programs selected

by one of the special function keys of the HP9845. The functions are divided
into six groups and a short description of each program function is provided

in the following sections.

Presurvey Planning Group

a. Predict TDs, K20: calculates predicted TDs for an input latitude,
longitude. The program also outputs range and bearing to transmitter stations
and GDOPs for three TD and two TD position fixes. It requires that a Chain
Data File be available.

b. File or Read Waypoint Data, K23: used to create waypoint table files
and to edit and restore waypoint table files. It can also be used to obtain a
listing of the waypoint table. The waypoint table is a 25X8 matrix. The
first four columns contain waypoint TD values (TDW, TDX, TDY, TDZ). Columns
five and six contain the xy position referenced to the local origin. Columns

seven and eight contain the latitude and longitude in decimal degrees.
Waypoint 25 (e.g., row 25 is designated as the local origin. The latitude and
longitude stored in this location is used by program functions which calculate
the local xy coordinates of the transmitters. If the local origin is also one
of a sequence of waypoints, its parameters will be stored twice, i.e.; in row
25 and in the row corresponding to its logical waypoint number.

c. Store Chain Data, K6: stores Loran-C chain data (transmitter geodetic
positions, transmitter power levels, and secondary emission delays) on a data
file for later use. File names are a five character mnemonic for the
particular Loran-C chain. The first four characters are an abbreviation for
the chain (e.g., NEUS, SEUS, GTLK, etc.). The fifth character is a number
from 1 to 4 which designates the configuration of three TDs: 1 - XYZ, 2 =

WXY, 3 - WXZ, 4 - WYZ.

d. Simulate Waypoint Survey, K28: simulates the survey of a waypoint
using the intersection of visual ranges technique. Two TD data sets are
generated along the tracklines defining a waypoint. Input variables are the
waypoint of interest, the starting and stopping points of the survey lines,
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and the expected standard deviation of the TDs. The program function
processes the data as if it were field data. Statistics and regression
parameter tables are printed on the hard copy printer for each data set along
with the waypoint table. The "true" TD values for the vaypoint are zero. The
tabulated waypoint value is the error in estimating the waypoint.

Survey Data Handling Group

a. Read Data File, KO: reads time-difference (TD) and time-of-day data
stored on magnetic tape. The TD data may be corrected for known offsets. If
TDs are corrected, a lower case "t" is automatically annotated to the file
name.

b. Edit Data, K16: used to edit (i.e., remove) samples from the data
(TD, time, and range) arrays. Three options are available to the user:

(1) The first option deletes a single data sample in each data array.
(2) The second deletes a block of data samples.
(3) The third deletes samples with TD samples outside a range that is

input by the operator.

When editing of the data arrays is complete, the operator may store the edited
data on a new file for later use.

NOTE: The edit function deletes only TD data samples. Arrays previously
formed containing XY and along/cross track position data are not affected.
Functions KI and K17 must be repeated to see the effect of editing on computed
positions.

c. Separate Data into Subfiles, K3: allows a large data file to be
broken up and stored in several smaller data files or a subset of a large data
file to be stored as a separate file.

d. Link Data Files, K25: enables multiple data files to be loaded into
memory. TD data can be corrected for each file entered. The total number of
samples must be equal to or less than 400. The function will automatically
ignore any samples which would cause this limit to be exceeded.

e. Read Data from MFE5000, K29: reads TDs collected from an MFE 5000
tape drive. The data is assumed to have been recorded from an Internav 404
EIA OUT port with the following data format:

Characters 1-8; GRI
Characters 10-17; TDA
Characters 19-26; TDB
Characters 28-35; TDC
Characters 37-44; TDD

The program function also assumes that TDW TDA; TDX = TDB, TDY = TDC; and
TDZ - TDD. If this is not true, program lines 1820 through 1850 must be
changed to reflect the proper arrangement. This program is normally not used
with the TDSS. It can be used to analyze data collected using a supplementary
LC404 receiver and a MFE 5000 data recorder.
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Statistics and Regression Group

a. Calculate Statistics and Linear Regression of TD Data, K2: calculates
statistics, linear regression coefficients, and minimum and maximum for the
four TD arrays. Statistics and regression parameters calculated are:

(1) mean for each TD
(2) standard deviation for each TD

(3) covariance of TD pairs
(4) correlation coefficient of each TD pair
(5) linear regression slopes of each TD pair
(6) standard deviation of residuals for each regression line

b. Plot TD Data with Regression Lines, K4: plots two of the
time-difference arrays against each other and also plots the linear regression
line for the TD pair chosen. The program automatically scales the plot for
the minimum and maximum TDs for each array. The axes are drawn through the

mean for each TD. Minor tic marks are every microsecond and major tic marks

every 10 microseconds.

c. Plot Residuals, K5: plots the residuals from the linear regression

for any TD pair (See K2). The residdals may be plotted against sample number
or the independent variable. Residuals are normalized to the standard
deviation of the residuals. Normalized values greater than 5 are printed on
the hard copy printer and are not plotted.

Waypoint Calculation Group

a. Calculate Waypoint, K21: computes range-range waypoint time
differences, estimated rms error, and lop crossing angles. The function also
calculates and prints statistics and regression parameters for each of the
survey tracklines.

b. Daisy Chain, K22: calculates the position of a waypoint bcsed on the

difference in TDs between it and a neighboring waypoint. The Flat Earth
Hyperbolic Grid (FEGH) is used to calculate position coordinates.
Differential xy coordinates, differential latitude and longitude, and range
and bearing between waypoints are also calculated. The user has the option of
inserting the calculated xy coordinates (and latitude longitude) into the
waypoint table, Wpt(*). Note: This function does not restore the new
waypoint table in magnetic tape. If this is desired, function 123 must be
used.

c. File or Read Waypoint Data, K23: used to create waypoint table files

and to edit and restore waypoint table files. It can also be used to obtain a
listing of the waypoint table. The waypoint table is a 25X8 matrix. The
first four columns contain waypoint TD values (TDW, TDX, TDY, TDZ). Columns
five and six contain the xy position referenced to the local origin. Columns
seven and eight contain the latitude and longitude in decimal degrees.
Waypoint 25 (e.g. row 25) is designated as the local origin. The latitude and
longitude stored in this location is used by any program function which
calculates the local xy coordinates of the transmitters. If the local origin
is also one of a sequence of waypoints, its parameters will be stored twice,
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i.e. in row 25 and in the row corresponding to its logical vaypoint number.

d. TD Move, 124: calculates the change in TD from a vaypoint to a
position offset from the waypoint. This offset in waypoint position and TD
may be applied to the waypoint table. The change in TDs is calculated based
on the change in distances to the transmitters.

Data Conversion Group

a. Convert TD Data to XY and Along/Cross Track Position, K17: converts
TD data to xy and along/cross track positions using the FEHG algorithm and
surveyed waypoints. The program will compute either a three or two TD
solution. A summary table is printed on the hard copy printer which lists:

-chain and LOPs used in the solution
-file name
-bearing angle between waypoints used for along/cross track calculation
- rms trackline of data
-average cross track position
-standard deviation of cross track position
-average xy position
-standard deviation of xy position data

b. Plot XY Data, K18: This program function plots the xy data calculated
from Loran-C TDs on the CRT or 9872A plotter. Two options are available. The
first automatically scales the CRT (or9872A) plotting area to the range of xy
data. The operator may zoom in on a section of the plot, find the sample
number of a plotted point, and digitize up to 10 locations on the plot. The
second option plots the xy data to a chart scale (1:10,000,1:20,000, 1:40,000,
or 1:80,000). The axes are drawn through a waypoint selected by the
operator. The operator also inputs the offset of the waypoint (axes) from the
lower left hand corner of the plotting area. The selection of waypoint offset
and scale determines the window of data which will be plotted.

c. Plot Along/Cross Track Data, K19: This program function plots cross
track vs along track position. The plot is automatically scaled and labeled.

XY to TD Offset Conversion Group

a. TD Move, K24: See Waypoint Calculations

b. Measured-Projected TDs, K27: calculates the statistics of the
difference between the TDs measured and TDs projected from the waypoint based
on the xy position calculated from the measured TDs. The result is a measure
of the three TD fix triangle. The function can be used to estimate the third
TD of a waypoint if two are known.

Waypoint Calculations

Range-Range.
For the range-range survey case, data is collected on each range line and

stored in data files on a magnetic tape cartridge. The term trackline is used
for the survey line along one of the visual ranges. Trackline data is
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collected near the waypoint and optimally brackets the waypoint. A trackline
data file typically contains two to four runs along the range line. For each
pair of TDs collected, a straight line is fit to the trackline data using
linear regression. The waypoint is calculated as the intersection of the
regression lines for each trackline.

The function Compute Waypoint, (K21), calculates statistics and linear
regression parameters for each TD pair of data collected for the two trackline
data files and the intersection of the regression lines for each TD pair. The
crossing angle of the regression lines and the estimated rms error of the
waypoint estimate (intersection of regression lines) are also calculated. The
results are printed in tabular form as shown in figure 9.

The quality of the trackline data can be checked by examining the
correlation coefficient and residuals for each TD pair. Four TD pairs can be
collected, but it is rare that all four provide useful data. In many cases,
there are three good TDs available. The correlation coefficient and residuals
are a measure of how good the trackline data fits a straight line. If the
vessel track were a perfect straight line, the residuals would be slightly
greater than the standard deviations of the dependent variable observed at
dockside. A "noisy" vessel track will show up as larger residuals. A typical
range in residuals is .025 to .060 microseconds. One's ability to detect if
the survey vessel is on or off the range decreases as the distance to the
range markers increases. Therefore, tracklines run at the far end of the
range will tend to have larger residuals than tracklines nearer the range
markers. In some cases, portions of tracklines run with the range markers
"over the shoulder" may cause problems due to poor track keeping. The survey
officer's notebooks should be checked for comments concerning suspect data.
Suspect data can be removed using the Edit (K16) function. TD Statistics and
Regression (W2), Plot TD Data with Regression Lines (4) and Plot Residuals
(KW) are useful functions for detecting suspect data and identifying sample
numbers to delete.

The estimated rms error and the closure between waypoint solutions is a
good indication of waypoint quality. Estimated rms error is a function of
trackline residuals, crossing angles, number of samples, and the survey
pattern. Reducing trackline residuals by editing suspect data will also
reduce rms error in the waypoint solution. (Note, the number of samples is
also reduced.) Crossing angles are fixed by the configuration of the channel
and the Loran-C chain geometry. The rms error is inversely proportional to
the square root of the number of samples. The error is minimum when the
survey tracklines form an X pattern. The difference between an X pattern and
a V pattern with the same number of samples is a factor of two. Editing data
to better bracket the waypoint can improve the calculated rms error.

If there are three TD data arrays, there are two solutions for the
waypoint value of each TD. If four TDs are collected, there are three
solutions for each waypoint TD. The term, closure, is used to describe the
agreement between solutions. If two solutions have low estimated rms :rors
(e.g., less than 20 nanoseconds), there should be good closure between the
solutions. A good rule of thumb is that the closure difference should be less
than twice the sum of the estimated ms error for each solution.
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(TIN) (TIx) (TY) CTO3)

CUMULATIVE AVERAGE 0.000 8O1.S3.945 400. 359 9196.???

STANDARD DEVIATION 6.009 .541 1.994 .053

(Nx) (MY) (WZ)

CORRELATION COEFFICENT 9.999999999991.99 9.999999999991.99 9.99999999999E.99

REGRESSION LINE SLOPE 9.99999999999E.09 9.99999999999E*99 9.99999999999E'99

RESIDUAL 0.OOO 9;O00 0.OSS

INDEPENDENT VARIAILE 2 2 .2

(xv) (XZ) (YZ)

CORRELATION COEFFICENT -.999 -.990 1.0eo

REGRESSION LINE SLOPE -3.135 -1.500 .503

RESIDUAL .023 .931 .925

INDEPENDENT VARIASLE 2 2 1

SARPLES. 69

EXAMPLE OF TDSS STATISTICS SUIARY

FIGURE 8
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TRACKLINE ONEs TLISi?

TIm Tax ToY TDZ

CUMULATIVE AVERAGE 6.00 27461.153 43356.355 59584.551

STANDARD DEVIATION 6.566 1.965 1.198 1.699

To PAIR X" MY Mz KY xZ YZ

COl* COEF 0.O"0 0. 80 0.666 -1.006 -1.666 1.066

SLOPE 9.906 0 .666 0 .0" -.603 -.56 1.419

RESIDUAL S. 0.066 6.066 .036 .R50 .034

IND VAR 2 2 2 1 1 2

SAMPLES- 120

TRACKLINE TMO- TLI6I7

TIm TDX ToY TDZ

CUMULATIVE AVERAGE 0.000 27402.233 43355.975 59503.666

STANDARD DEVIATION 0.00 .S66 .040 .419

TI PAIR MX MY MZ XY Xz YZ

CORR COEF 6.805 0.009 6.600 .791 -.994 -.756

SLOPE 6.606 0.065 6.06 .037 -.471 -13.515

RESIDUAL 6.II6 6.6IO 6.l66 .024 .044 .026

IND VAR 2 2 2 1 1 2

SAPLESO 44

MAYPOINT SOLUTION

TI PAIR Nx MY Mz xY XZ YZ

TDU O.660 O.666 6.666

Tax 2.66 37401.970 27401.975

TIY O.506 43395. 062 43355. 063

TIZ 0. 6 59562.046 59583,.6M M

RHO ERROR O.6OO 6. 06 6.006 - '.Ole .03 .009

CROSSING ANGLE 0.600 O.OiO 6.OOO 32.263 15.31l 146.517

EXAMPLE OF RANGE-RANGE WAYPOINT CALCULATIONS

FIGURE 9
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The waypoint TD estimate with the lowest estimated rms error is chosen as
the waypoint value. If two solutions have approximately the same rms error,
they are averaged.

Figure 10 is a summary of the data analysis procedure for calculating a
waypoint with range-range data.

If one of the three waypoint TDs calculated using the range-range approach
has poor rms estimates for all solutions, a supplemental technique can be
used. Here the xy position coordinates for one of the survey tracklines or an
aid-to-navigation near the vaypoint can be calculated using Convert TD Data to
XY and AT/CT (K17), the estimated waypoint, and the two TD solution (using the
two good TDs). The function, Measured-Projected TDs (K27), calculates a set
of three TDs for each xy data point based on the difference in distance
between the waypoint and xy data point and the TDs of the waypoint. These
"projected" TDs can be subtracted from the measured TDs for each sample and
the mean and standard deviation of this difference calculated. The difference
data for the two TDs used for the xy solution will be near zero (the "project"
function is the inverse of the FEHG algorithm). The difference data for the
third TD is the correction that must be applied to the waypoint value which
will force it to be consistent with the other two TDs. This correction can be

applied and the waypoint TDs are restored (K23). The calculations can then be
checked by using the three TD solution (K17) to convert the other trackline
data file to xy positions. The function, Measured-Projected TDs (K27) is
applied to this data set. The result is a measure of the average fix triangle
for the data set. Figure 11 is a summary of this supplemental data analysis
procedure.

Channel Edge

An iterative approach must be used for the channel edge survey case. TD
data should be collected along channel edges, the channel centerline (if a
range is available), and at aids-to-navigation near the waypofnt and along
channel edges. The TDs of a fixed aid near the waypoint (a buoy may be used
if it is the only aid available) should be stored temporarily as a first
estimate of the waypoint TDs (K23). The corresponding xy coordinates are
calculated using the Daisy Chain (K22) function from the local origin. The
offset of the waypoint from the aid-to-navigation can be estimated from the
navigation chart for the area and used in the Move (K24) function to calculate
the estimated waypoint TDs.

The TD data collecLed in the area around the waypoint can be converted to
xy and along/cross track position coordinates using function K17, Convert TD
Data to xy and AT/CT. The converted data can be plotted and compared to the

navigation chart. Function K18, Plot KY Data, will plot the position data on
the CRT or 9872A plotter. The plot can be scaled to a navigation chart scale

(e.g., 1:10,000, 1:20,000, 1:40,000, 1:80,000) or automatically scaled for the
rangi of xy data. The function K19, Plot Along/Cross Track Data,
automatically scales and plots the calculated cross track vs along track data.
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.alculate intersection of survey tracklines (K21)

.Check quality of trackline data and waypoint solution
.correlation coefficients (.9 - .999)
.trackline residuals (.020 - .060 microsec)
.estimated rms error or waypoint solutions (function of residuals,
sample number, crossing angle, and survey pattern)
.closure of waypoint solutions (difference between waypoints
estimates less than twice the sum of estimated rms errors)
.crossing angles

.If data is not satisfactory, edit suspect data from data files and
restore ([16), and recompute waypoint ([21).

.If data still not satisfactory, resurvey waypoint.

.Choose the waypoint estimate with the lowest rms error as the waypoint
value (estimates with approximately the same estimated rms error may be

averaged) and store in the waypoint table (K23).

.Calculate xy position of waypoint referenced to local origin and store
in the waypoint table ([24).

.Restore the waypoint table in the waypoint file (K23).

Figure 10
Waypoint Calculation, Range-Range Data

.Calculate and store waypoints TDs using standard range-range approach
(figure 10)

.Convert the TDs for one of the survey tracklines or a nearby
aid-to-navigation to xy coordinates (K17) using the two TD solution
and two good TD estimates.

.Use Measured-Projected TD function (K27) to calculate a correction
for the third TD

.Apply correction and restore waypoint TDs in waypoint table (K23)

.Convert TDs for other survey line to xy coordinates ([17) using the three
TD solution

.Use Measure-Projected TD function (K27) to calculate average fix triangle

.If results not reasonable, recheck calculations

.Restore waypoint table on waypoint file (K23)

Figure 11
Supplemental Range-Range Waypoint Calculation
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The xy and along/cross track plots can be compared to the navigation chart

(and COE dredging charts if available). If the plotted data is consistent
with the chart, then the calculated waypoint TD coordinates are good. If the
plotted data and navigation chart do not agree, the offset of the waypoint can

be determined from the plots. The waypoint can then be "moved" using [24 and
the xy and cross track data can be recalculated and replotted. This process
must be repeated until the plotted data agrees with the navigation chart and
COE data.

Figure 12 is a aumary of the data analysis procedure for calculating the
TDs for a waypoint with channel edge data.

.Calculate the average TDs for a data file collected at an
aid-to-navigation near the waypoint (K2).

-If the survey officer's notebook indicates that some data samples
are suspect, edit these samples (K16) before calculating statistics.

-If the standard deviation of the TDs are significantly higher than
observed at dockside, check the data for outliers using the Plot TD
([4) and Plot Residuals (K5) functions and edit suspect data (K16).

.Store the TDs for the aid-to-navigation near the waypoint as a temporary
waypoint (K23).

.Calculate the xy coordinates of the temporary waypoint using the local
origin as the reference point ([22).

.Offset the TDs and position from the temporary waypoint to the waypoint
using a differential position estimated from the navigation chart or COE
data (K24).

.Convert TD data collected along channel edges, channel centerlines, and
at aids-to-navigation to xy and along/cross position (K17).

-Multiple data files may be read into computer memory using the LINK
(K25) function

.Compare xy and along/cross track plots (K18, K19) to the navigation chart
and COE data.

.If the plots do not agree with the navigation chart or COE data,
calculate the offset in the waypoint that is necessary and use the Move
(K24) function to reposition the waypoint.

•If the waypoint is "moved," recalculate xy and along/cross position data
(K17), plot (K18, K19), and check plots against the navigation chart and
COE data.

.When the waypoint is satisfactorily positioned, restore the waypoint
table in the waypoint file (K23).

Figure 12
WAYPOINT CALCULATIONS - CHANNEL EDGE DATA
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Waypoint Verification. If the waypoint was calculated using the channel edge
data, the waypoint calculations are verified in the process of calculating the
waypoint. The waypoint TDs are modified until position data converted from
TDs for channel edges and aids-to-navigation agrees with the navigation chart.

In the case where the waypoint is defined by the intersection of two

ranges, data should be collected along the entire length of the channel
centerline during the survey. Data is usually also collected along channel
edges and at several aids-to-navigation. Data collected along the channel
centerline can be converted to xy and along/cross track coordinates using
function K17. The plot of cross track vs along track ([19) is the best
indicator of waypoint quality. If both waypoints are good and the vessel
track was close to the centerline over the entire length of the channel, the
cross track distance will be zero or near zero at both endpoints (e.g., at the
waypoints). There may be a slight "bow" in cross track near the midpoint of

the channel length. If the bow is severe a trackpoint can be inserted between
waypoints. If the cross track distance is not near zero at one or both

waypoints, recheck the waypoint calculations and check the survey notebook for
comments as to whether the vessel was on range. It is good survey practice to

collect data along the entire length of the channel several times during the
survey. Several of these runs can be checked for consistent results before it
is concluded that a waypoint is in error or a trackpoint is necessary. Data
along channel edges and at aids-to-navigation can also be converted to xy and
along/cross track position and plotted (K18 and K19). The plots can be
compared to the navigation charts and COE data for agreement.

Another check of waypoint calculations is to calculate xy positions (using
3 TDs) for TD data collected in the vicinity of a waypoint and use the
Project-Measured TD function (K27) to calculate the average TD fix triangle.
The project function is the inverse of the Convert TD to XY and AT/CT function
(K17). For each xy position, a set of TD values is calculated based on the
distance from the waypoint position and the waypoint TDs. These calculated
TD are differenced from the measured TDs for each data sample. Statistics
for the resultant differences are calculated and a summary table is printed on
the hard copy printer.

Trackpoint Calculation. The need and location of a trackpoint can be
determined from the along/cross track plot (K19) of a centerline data file.
The trackpoint is generally placed where the "bow" in the plot is at a
maximum. (See Figure 13.) The Move function (K24) in the range/bearing mode
is first used to calculate the "ideal" TD and xy at the point on the trackline

where the trackpoint is to be located. The changes in TD and xy calculated by
K24 are applied to the waypoint values and stored in the waypoint table (K23)

as the first estimates of TD and xy for the trackpoint. These trackpoint TD
and xy coordinate values are simply an interpolation of the values at the two
waypoints at each end of the trackline. To provide a correction for the "bow"
in the along/cross track plot, the Move function is then used to offset the
trackpoint in the crosstrack direction a distance equal to the magnitude of
the "bow." The resultant TD and xy calculations are then stored in the
trackpoint file. The trackpoint coordinates can then be used as the "to"
waypoint for TD to xy calculations and the resultant along/cross positions
replotted as a check of the trackpoint calculations. In some cases there may
be a requirement for more than one trackpoint.
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Additional trackpoints can be calculated as outlined above using the first
trackpoint as one of the two waypoints. A sample worksheet for calculating
trackpoints is shown in Figure 14. Rows 21-24 of the waypoint table are
generally set aside for trackpoints.

Alternately, a trackpoint can be calculated using the range and bearing
from the waypoint directly to the trackpoint and the MOVE functionto calculate
the TDs in one step. The range (Rt) for the MOVE is

Rt = (R2 + (bow)2 )1 /2  (31)

where

R - along track distance from the waypoint to the trackpoint

bow - magnitude of bow in centerline data at R

The bearing angle, B, for the MOVE is the sum of the course angle between
waypoints (calculated from waypoint TDs) and the differential angle (dA) to
the trackpoint

dA = arctan (bow/R) (32)

The course angle between waypoints (a) is found using functions (K17), convert
TD Data to XY and AT/CT Position, and (K22), Daisy Chain. The bearing angle
(B) is

B - A+ dA (33)

ELECTRONIC POSITIONING AUGMENTATION

The visual survey technique is difficult to apply in areas where there are
no visual ranges, the channel boundaries are not distinct, and the channel is
marked primarily with floating aids to navigation. However in such areas it
is usually possible to provide electronic positioning coverage over a large
area with a small number of reference stations. In such areas it becomes
reasonable to use electronic positioning as a position reference for harbor
Loran-C TD survey.

APPROACH

With electronic positioning available, the survey vessel should be
stationed approximately at the waypoint and position and TD data recorded
simultaneously. The position of the waypoint can be precalculated from COE

* survey data. Since the position of both the survey vessel and waypoint are
known, the differential TD offset between the vessel and waypoint can be
calculated accurately. This offset is calculated sample by sample, applied to
the measured Ths, and the resultant TD data averaged to estimate the waypoint
TD.
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TRACK POINT CALCULATIONS:

*Trackpoint between WP and WP

*Distance of Track point from WP , R- km

*Bearing from WP TO WP _, B-

-Results of "MOVE" of RIB from WP

dTDX dTDY - dTDZ -
WP TDX- TD¥ - TDZ =

First Estimate
of Trackpoint

Trackpoint XY Position X = Y =
dx- dyin

Trackpoint XY - E _N

*Trackpoint stored as WP _ ;(K23)

*Magnitude of offset (e.g., BOW), M - km

*MOVE trackpoint; RM M H, BM - B+90 - (+ if bow to right)

*Results of "MOVE" of RMiBM from trackpoint estimate:

Estimate of =
Trackpoint

W -___ Trackpoint XY Position X = Y -

dx =  dy

Trackpoint XY E N

*Recalculate xy and AT/CT position for verification data using
trackpoint (K17)

•Replot AT/CT data (K19)

*If trackpoint satisfactory, restore waypoint table on waypoint file

TRACK POINT WORKSHEET

Figure 14
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TD and electronic positioning data should be collected along the channel
edges and centerline. Loran-C TD fixes can be compared to electronic
positioning fixes to evaluate vaypoint estimates and determine the need for
trackpoints.

The use of electronic positioning simplifies shipboard data collection

procedures and provides the capability to quantitatively evaluate the
performance of Loran-C navigation using the calculated waypoints. It does
however increase the complexity of the TDSS and infield logistics. There is
also a significant increase in the time and effort necessary in the planning
stage to prepare for the survey.

PRESURVEY PLANNING

Preplanning
The preplanning necessary for a harbor survey using electronic positioning

is similar to the planning necessary for a visual survey. The survey strategy
for each waypoint will be the same, i.e., station the survey vessel near the
waypoint and record TD and positioning data. COE dredging data, e.g.,
coordinates of channel boundaries, is essential to this type survey. This
data and the locations of reference stations which can be used to provide
coverage of the survey area must be collected well in advance of the survey.
The reference stations must be visited prior to the survey to insure that the
survey markers have not been destroyed and that there is line-of-sight from
the reference station to the survey area.

Waypoint Definition
The navigation chart for the area to be surveyed can be used initially to

determine the location of waypoints. Where there are well defined channels,
the intersections of channel centerlines are commonly defined as the
waypoints. In an area where there is not a well-defined channel, local Coast
Guard A-to-N personnel and users should be consulted to determine common
vessel tracklines through the area. The intersections of these tracklines are
defined as waypoints.

COE Dredging Data and Reference Stations
The COE dredging data define the channel boundaries in state-plane

coordinates. Coordinates are also usually available for fixed aids to
navigation in the survey area. These data and the reference station
coordinates and descriptions are obtained from the COE office for the survey
area. Figures 15 and 16 are examples of data for the Sandy Hook area of New
York harbor.

The reference stations to be used for the survey area should be visited in
advance of the data collection phase to insure that the survey markers still
exist and there is line-of-sight from the station to the survey area. It is
not uncommon for survey markers to have been destroyed since the last visit by
the COE. In urban areas, new construction may obscure the line-of-sight from
the reference station to the survey area. If the station has been destroyed
or the lice-of-sight obscured, an alternate station must be found.

The visit to the reference station also enables the survey party to plan
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the logistics and per sonnel requiromunt. for deploying the electronic
positioning system transponders. Mest the station be attended? Is theta
electrical powr available? What is the travel time between reference
statiocs?

Coordinate onversion and !aypoint Pos ition
To compare Eaon-C position fixes and electronic positioning fixes, a

common planar (i.e., zy) coordinate system must be used. A local origin with
known state plane coordinates (or latitude, longitude) must be chosen at a
central point in the survey area. if the entire harbor survey is done using
electronic positioning, It Is not necessary to be able to measure ?'Ds at the
local origin. 12h& coordinates of the channel boundaries, fixed
aids-to-navigation, and reference stations mast be calculated relative to the
local origin mid the wnits converted from feet to kilometers.

Te coordinates of vsypoints are calculated based on the coordinates of
the channel edges. There are two general approaches for calculating waypoint
xy cordinates.

a. if the waypoint lies midway between two channel endpoints, the
coordinates for the vaypoints are simply the sm of the endpoint coordinates
divided by two. See figure 17.

ve tv v0

Straight Corner
Figure 17

b. If thes vaypoint is located at a cutoff corner (see figure 18), the
waypoint mut be calculated by using the channel edge data to write equations
for the channel centerlines in the local coordinate system and then calculate
the intersection of the two centerlines. The equation for the centerlines com
be written in the following forms

y-Yl a Xl (x-xl)
where Nx-x 2 a* h coordinates of any point on the centerline
of channel mne
UP, y2 are the coordinates of any point on the centerline of

channel two
N1 Is the tan of the course angle for channel one,
*2 In the tan of the course angle for channel two
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2be course angles for the channel are usually listed in the CON data
or can be readily calculated from two points an the channel edge,
e-g., N2 atan ((Y4-!3)/(X4-XS)) In figure 1M.

Cutoff Corner

Figure 10

The coordinates of the waypoints In the local grid coordinates am be
converted to latitude and longitude by first converting back to state-plae
coordinates and then to latitude, longitude. The algorithm-provided in
Plferance 3 permit conversion to state-plaoe coordinates tram latitude,
longitude and vice versa. The latitude and longitude of the Waypoints are
useful for predicting waypoint T~e and for describing the Waypoint location to
mserge

Waypoint and loran-C Chain Data Files
The data analysis program for a harbor Koran-C TD survey using electronic

positioning augmentation, COMPAR, can be used during the the survey planning
and date analysis phases. User Instructions for CONPAR are contained In
Appendix 3. The program stores and uses three form of base data filess
Waypoint. Loran-C chain data, and Electronic positioning reference station.
The Koran-C chain file contains the transmitter geodetic positions,
transmitted power level and secondary emission delays. The waypoint files
store wmypoint Mase latitude, longitude, mid xy coordinates relative to the
local origin. The vaypoint file is a 2SX9 matrix. Each raw contains the data
for one vaypoint. Waypoint 25 Is assigned to the local origin. the waypoints
in the survey are divided into convenient sequences and numbered. A vaypoint
file Is creatid for each sequence. The number of waypoints In each sequence
Is usually limited to twenty. This allows four spaces in the file for
trackpoints If needed. The local origin is stored In the vaypoint 25 position
in each vaypoint f ile. it is not necessary to be able to masure the 20a at
the local origin for an EPA survey.

Use COMPAR, the tooran-C chain file, and geodetic positions of the
waypoints to predict the T~e for each vaypoint. The predicted TMe calculated
local my coordinates, and geodetic coordinates of the vaypoints can then be
stored In waypoint files.
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The reference station file must contain the state plane coordinates of the
reference stations. The coordinates of the reference stations are used with
the electronic positioning data to calculate vessel position.

Survey Plan Preparation
The aids to navigation at which the survey vessel will be stationed are

selected from the navigation chart for each waypoint. If available, several
aids which bracket the waypoint are chosen.

The TDSS can be used as a navigation aid when collecting electronic
positioning data. If no aids are available near the waypoint, the TDSS can be
used to station the vessel near the waypoint (preferred method) or maneuver in
a cloverleaf pattern about the waypoint. It also provides cross track and
along track position with respect to a trackline that is input in the form of
start and stop points. Therefore, the TDSS can be used along the channel
edges and the channel centerline (or any arbitrary trackline in the coverage
area of the electronic positioning system). The end points of tracks that
will be run to collect validation data can be recorded for use during the
survey. Typically, verification runs are made along both channel edges and
along the channel centerline.

DATA COLLECTION

Time Difference Survey System
The TDSS is designed to operate with the Mini-Ranger III Position

Determining System. The HP9845 Desktop Computer and Mini-Ranger are connected
via 16 bit and BCD interfaces. The 16 bit interface provides remote control
of the Mini-Ranger; the BCD interface inputs range data.

Mini-Ranger.
The Mini-Ranger consists of a range console, control station

receiver/transmitter unit, and two remote reference stations. The system
operates in the 5400 to 5650 MHZ frequency band. Range resolution is one
meter. Standard deviations of the range measurement vary with distance to the
transponder (reference station). Typical values are 1 to 3 meters over the
span of ranges of 5 km to 27 km. Each transponder unit can be individually
calibrated to a known distance (see Mini-Ranger Calibration).

Graphics Display.
The TDSS provides two additional graphics display options when Mini-Ranger

data is collected. Vessel position is calculated from the range data for each
sample. The vessel position can be plotted on an xy or along/cross track
scale. The xy display plots position relative to a waypoint or a point of
interest (e.g., a fixed aid-to-navigation) entered in local coordinates. The
operator also selects the area about the waypoint (or point of interest) that
will be displayed. The along/cross track plot automatically scales the
vertical height of the plotting area on the CRT to the distance between the
start and stop points. The horizontal axes, cross track distance, is scaled
to 200 meters either side of the trackline.
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Mini-Ranger Calibration.
The Mini-Ranger is calibrated by adjusting measured distances for each

transponder to agree with a known distance. Calibration is accomplished in
the field using one of the methods below:

a. A calibration range is set up by marking off a distance in a clear
area where the transponders, control station R/T unit, and range console can
be set up. A distance of several hundred meters is sufficient for
calibration. The disadvantages of this approach are that the range console
and control station R/T unit must be removed from the survey vessel, and that
an accurate distance must be measured independently of the Mini-Ranger. An
advantage is that the calibration range can be set up in an area near the
survey vessel that is easy to access, e.g., a large parking lot or a straight
section of a lightly traveled roadway.

b. Use two existing survey markers as a calibration range. The
disadvantages of this approach are that the equipment must be removed from the
survey vessel and considerable time and travel may be involved to set up the
transponders. Advantages are that a calibration range does not have to be
measured and the survey markers can be chosen such that the calibration
distance is the same order of magnitude as ranges expected during the survey.

c. Moor the vessel to a fixed aid to navigation with known coordinates in
the survey area. Calculated distances between reference stations and the
fixed aid are used as the calibration range. This is an ideal situation if
such an aid exists and the transponders are visible from the vessel when it is
moored to the aid. Care must be taken to measure-offsets between the survey
marker and control station R/T unit.

Periodic checks of the Mini-Ranger calibration should be conducted during the
survey period. The calibration may be checked by using one of the above
calibration approaches or:

a. if it is possible to cross the baseline between the two reference
stations, the minimum sum of ranges should equal the baseline distance.

b. if there is an unsurveyed fixed aid or any location within view of the

transponders where the survey vessel ma:- be moored, ranges to the transponders
can be measured shortly after calibration and recorded. The survey vessel
periodically returns to this location to check that there is no change in the
measured ranges.

c. if there is a visual range in the survey area, the survey vessel is
centered on the range and cross track calculations are compared to visual
observations. Care must be taken that the trackline start and stop points
(e.g., waypoints) are entered correctly.

Waypoint Data
Loran-C TD and Mini-Ranger data are collected at aids-to-navigation near

the waypoint. The survey vessel is usually moored to the aid as a matter of
convenience. However, it is not necessary that che vessel be still in the
water to collect data. If the .-- state is such that it is not prudent to tie

44



off to an aid, the data can be collected with the vessel stationed near the
aid using it as a reference. Between 25 and 50 data samples are sufficient at
each aid.

In the rare cases where there are no aids-to-navigation in the area of the
waypoint, the TDSS is used as an aid to navigation to position the survey
vessel near the waypoint. Some practice is necessary before using the TDSS to
position the vessel since there is approximately a 10 second delay (depending
on the sampling rate) after a sample is requested until the position is
plotted on the graphics display.

Occasionally the path between the survey vessel and reference station is
obscured by another vessel. The TDSS is designed to time out if a sample is
not received from the Miniranger within three seconds of a data request. A
"TIME OUT ERROR" warning statement is printed on the hard copy printer any
time a time out occurs and TD data is not collected.

If the range data received from the Mini-Ranger is not within 1 km of the
previous sample, the data is rejected and a "RANGE ERROR" is printed. This
feature automatically edits most multipath data. Occasionally a bad range
sample will pass the range test. These samples are easily detectable on the
xy or along/cross track plot. When such errors are observed, the sample
numbers should be recorded for later editing.

Waypoint Verification Data
Data to be used for waypoint verification and trackpoint calculation if

necessary is collected along channel edges and centerlines. The TDSS can be
used to provide near realtime along/cross track position information for both
channel edge and channel centerline data collection runs. It is not necessary
to maintain the vessel track accurately along the channel boundary or
centerline. Since position data is collected, a sample by sample comparison
of Loran-C position fixes using calculated waypoints and Mini-Ranger position
fixes is possible. Data should be collected nominally along channel edges and
channel centerlines to evaluate the performance of Loran-C navigation over the
entire channel.

DATA ANALYSIS

COMPAR
A Hewlett Packard HP9845 desktop computer and the program, COMPAR, are

used to analyze the data collected during a harbor survey using electronic
positioning augmentation. The program, COMPAR, is a collection of special
function programs which can be used to:

a. calculate waypoint TDs and
b. evaluate the performance of the resultant waypoints.

The program COMPAR includes 19 function programs selected by special
function keys. The functions with short descriptions are divided into five
groups below.

Presurvey Planning Group
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a. Predict TDs, K20: This key calculates predicted TDs for an input
latitude, longitude based upon an all-sea water earth. The program also
outputs range and bearing to transmitter stations and GDOPs for the three TD
and two TD fixes.

b. File or Read Waypoint Data, K23: This key is used to create waypoint
table files and to edit and restore waypoint table files. It can also be used
to obtain a listing of the waypoint table. The waypoint table is a 25X8
matrix. The first four columns contain waypoint TD values (TDW, TDX, TDY,
TDZ). Columns five and six contain the xy position referenced to the local
origin. Columns seven and eight contain the latitude and longitude in decimal
degrees. Waypoint 25 (e.g. row 25) is designated as the local origin. The
latitude and longitude stored in this location are used by any program
function which calculates the local xy coordinates of the transmitters. If
the local origin is also one of a sequence of waypoints, its parameters will
be stored twice, i.e. in row 25 and in the row corresponding to its logical

waypoint number.

c. Store Chain Data, K26: This key stores Loran-C chain data
(transmitter geodetic positions, transmitter power levels, and secondary
emission delays) on a data file for later use. File names are a five
character neumonic for the particular Loran-C chain. The first four
characters are an abbreviation for the chain (e.g. NEUS, SEUS, GTLK, etc.).
The fifth character is a number from 1 to 4 which designates the configuration
of three TDs: 1 - XYZ, 2 - WXY,
3 = WXZ, 4 - WYZ.

d. Store Reference Station Data, K28: This key is used to store
reference station coordinates on a file for use in converting range data to xy
coordinates.

Data File Handling Group

a. Read Data File, KO: This key reads time-difference (TD), range and
time-of-day data stored on magnetic tape. The range and TD data may be
corrected for known errors. If the range data is corrected, a lower case "r"
is annotated to the file name, F$. If TDs are corrected, a lower case "t" is
annotated to F$.

b. Edit Data, K16: This key is used to edit (i.e. remove) samples from

the data arrays. Four options are available to the user:

(1) The first option deletes a single data sample in each data array.
(2) The second deletes a block of data samples.
(3) The third deletes samples with TD samples outside a range that is

input by the operator.
(4) The fourth deletes samples with outliers in the range data. The

routine compares each range with the average of the previous and next sample.
If there is a difference of more than 100 meters, the sample is deleted.

Unfortunately, this technique usually deletes the outlier and the sample on
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each side of the outlier. This is normally not a significant problem, i.e.
nine samples will be deleted rather than three. The alternative is to detect
the outliers and the corresponding sample number using the Plot XY Position
function (K18) and use the single sample delete option.

When editing of the data arrays is complete, the operator may store the edited
data on a new file for later use.

NOTE: The edit function deletes only data samples. Arrays containing XY and
along/cross track position data are not affected. Functions Kl and K17 must
be repeated to reflect the editing on computed positions.

c. Link Data Files, K25: enables multiple data files to be loaded into
memory. Range and TD data can be corrected for each file entered. The total
number of samples must be equal to or less than 400. The function will
automatically ignore any samples which would cause this limit to be exceeded.

Statistics and Regression Group

a. Calculate Statistics and Linear Regression of TD Data, K2: This key
calculates statistics, linear regression coefficients, and minimum and maximum
for the four TD arrays. Statistics atd regression parameters calculated are:

(1) mean for each TD
(2) standard deviation for each TD
(3) covariance of TD pairs
(4) correlation coefficient of each TD pair
(5) linear regression slopes of each TD pair
(6) standard deviation of residuals for each regression line

b. Plot TD Data with Regression Lines, K4: This key plots two of the
time-difference arrays against each other and also plots the linear regression
line for the TD pair chosen. The program automatically scales the plot for
the minimum and maximum TDs for each array. The axes are drawn through the
mean for each TD. Minor tic marks are every microsecond and major tic marks
every 10 microseconds.

c. Plot Residuals, KS: This key plots the residuals from the linear
regression of any TD pair (See K2). The residuals may be plotted against
sample number or the independent variable. Residuals are normalized to the
standard deviation of the residuals. Normalized values greater than 5 are
printed on the hard copy printer and are not plotted.

Position Calculation Group

a. Convert Mini-Ranger Data to XY and Along/Cross Track Position, K1:
This key converts Miniranger range data to cartesian xy coordinates relative
to a local origin. Cross track and along track data are also calculated.
Trilateration is used to calculate xy position using distances measured to two
reference stations and the distance between reference stations. Cross track
and along track position are calculated relative to a trackline between two
waypoints.
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b. Convert Loran-C Data to XY and Along/Cross Track Position, K17: This
key converts TD data to xy and along/cross track positions using the VEM
algorithm and surveyed waypoints. The program will compute either a three or
two TD solution. A summary table is printed on the hard copy printer which
lists:

-chain and LOPs used in the solution
-file name
-bearing angle between waypoints used for along/cross track calculation

-ras trackline of data
-average cross track position

-standard deviation of cross track position
-average xy position

-standard deviation of xy position data

c. Plot XY Position, K18: This key plots the xy data calculated from
Loran-C TDs and/or Mini-ranger data. Four options are available:

(1) Mini-ranger data only
(2) Loran-C data only
(3) Mini-ranger and Loran-C data
(4) Error plot

The first two options allow the operator to blow-up a section of the plot, to
find the sample of numbers of outliers, and to digitize up to 10 locations on
the plot. A hard copy option is provided with all four plots. The "Error
plot" plots a vector at each sample. The tail of the vector is the
mini-ranger position fix; the head (denoted by a "o") is the Loran-C position
fix.

d. File or Read Waypoint Data, K23: See Presurvey Planning

e. Plot Along/Cross Track Data, K19: This key plots cross track vs along
track position. Three options are available:

(I) Mini-ranger data
(2) Loran-C data
(3) Mini-ranger and Loran-C data

Waypoint Evaluation Group

a. Compare Mini-Ranger and Loran-C Position Data, K3: This key compares

Loran-C derived position with miniranger calculated position. Mini-ranger
positions are assumed to be "truth" and the difference between the Loran-C
position and Mini-ranger position is the Loran-C position error. Two sets of
position errors are calculated, XY and along/cross track. The XY errors are a
direct comparison between Mini-ranger and Loran-C derived positions. The
Miniranger along/cross track position is based on the local coordinates of the
waypoints. The Loran-C along/cross track position is relative to the course
line calculated from the difference in TDs between waypoints.

The following parameters are calculated:
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(1) average x and y position error
(2) rms x and y position error
(3) average along and cross track error
(4) rms along and cross track error
(5) rms radial error based on xy position errors
(6) rms radial error bese on along/cross track errors

b. Calculate TD Grid Warp, K21: This key calculates the difference

between measured TDs and TDs projected from a nearby waypoint. This
difference is termed "TD grid warp" and is basically a measure of the change
in Additional Secondary Phase Factor (ASF) over the area where data was

collected. TDs are projected from the waypoint to the measurement point based
on the difference between the measured and waypoint positions. There is a

small error in the calculation due to use of a flat earth model for

transmitter locations. This error is typically less than 40 nanosec within
12KM of the waypoint.

c. Plot XY Position, K18: See Position Calculation Group.

d. Plot Along/Cross Track Data, K19: See Position Calculation Group.

Waypoint Calculations
The primary method to calculate waypoint TDs is to "reflect" TDs collected

near a waypoint to the waypoint. The "reflect" function (see K27) calculates
the difference in TDs between the measurement position and the waypoint
position. This difference is applied as a correction to the measured TDs for
each sample. The mean and standard deviation of the "reflected" TDs are then

calculated.

The standard deviation of the refloacted TDs are normally slightly larger
than the standard deviations of data collected at dockside. Outliers in the
Mini-ranger data are the usual cause of high standard deviations in the

reflected TD data. It is a good practice to edit the data for range errors
(K16, option 4) prior to reflecting the data to the waypoint.

Data can be collected at several points near a waypoint (typically moored

to or stationed near a buoy in the vicinity of the waypoint). An optional
data collection technique is to maneuver the survey vessel in a cloverleaf
pattern centered at the waypoint. Waypoint TD estimates are calculated from

each data file. The results are compared to each as a check for errors.
Agreement to within 20 to 30 nanoseconds of the mean can be expected.

Differences are the results of estimation errors due to noise, uncorrected TD
offsets, the difference in distance between the measurement positions and the
waypoint, uncorrected range errors, etc. It is the judgement of the data
analyst how to combine the waypoint TD estimates for each data file to form
the final TD estimate. The most straightforward approach is to average the
estimates. Figure 19 is a flow chart for calculating waypoints TDs.

Note that the "Daisy Chain" function is not used to calculate waypoint xy
coordinates. The COE based coordinates are retained in the waypoint file.

The "Daisy Chain" function is used to check that the range and bearing
calculated between waypoints using the difference in TDs is approximately the

same as calculated using the COE based coordinates.
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.For each data file collected near the waypoint of interest

-Read data file (KO)

Correct range data
Correct TD data

-Edit data for range errors (K16, option 4)

-Convert range data to xy position (K1)

-Reflect TDs to vaypoint of interest (K27)

.Calculate final waypoint estimate (i.e. average results
from each data file)

.Store waypoint TDs in waypoint file (K23)

.Do not change xy position of waypoint

FLOWCIART OF WAYPOINT CALCULATIONS, EPA SURVEY

FIGURE 19
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Waygoint Verification
The TD and Mini-Ranger data files collected along channel edges and

centerlines can be used to compare the position fixes obtained from
Mini-ranger and the positions calculated from the TDs using calculated
waypoints. This comparison provides a verification of the waypoint
calculations, provides a measure of performance which may be expected using
a Loran-C navigation device (e.g., PILOT), and enables the data analyst to
decide if a trackpoint is necessary between waypoints.

The coordinate system for waypoints and Mini-ranger reference stations
are based on Army Corps of Engineers (COE) dredging data. The COE
coordinates are in state plane coordinates. These coordinates can be
translated to local coordinates by subtracting the state plane coordinates
of the local origin and changing units from feet to kilometers. Waypoints
are calculated as the intersection of channel centerlines. (See Presurvey
Planning.)

The position fixes for Mini-ranger data are computed using
trilateration. Along and crosstrack positions are based on the range and
bearing calculated between tabulated waypoint coordinates.

The Flat Earth Hyperbolic Grid (FEHG) algorithm is used to compute xy
coordinates from TD date (K17). Inputs to the algorithm are calculated
waypoint TDs, waypoint xy coordinates and transmitter xy coordinates. The
transmitter xy coordinates are referenced to the local origin. The FEHG
algorithm is also used to calculate the coordinates of the next waypoint for
along/cross track calculations.

The function "Compare Mini-ranger and Loran-C Position Data" ([3)
calculates the difference in xy position and along/cross track position for
each data sample and the mean and rms values of the differences for the data
set. If the Mini-ranger positions are assumed to be "truth," the result is
an evaluation of the accuracy of the Loran-C fixes for the data set. Plots
are provided for the xy "errors" and along/cross track "errors." Plots of
the xy data and along/cross track data on the same axes are also available
(K8 and K19).

One must be careful to compare "oranges to oranges" when evaluating the
"error" statistics and plots generated by the function K3. The domain in
which a Loran-C harbor navigation device (e.g. PILOT) operates is distances
relative to a trackline defined by two waypoints (i.e. along/cross track).
The xy "error" data is interesting, but its only significance is that the x

and y errors should approach zero near the "TO" waypoint (along track
distance - 0). Large xy errors near the "TO" waypoint is indicative of an
error in the waypoint, the Mini-ranger data, or the Loran-C data.

The along/cross track "errors" are the more significant. If both the
waypoint "TO" and "FROM" waypoint calculations are correct, the cross track
distance "errors" at each end of the trackline will be near zero. The along
track distance errors should converge to zero at the "TO" waypoint. Note
that for the Mini-ranger data, along and cross track distance are calculated
using the distance and bearing calculated between the waypoint coordinates
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determined from COE dredging data (see Figure 20). For the Loran-C data,
the "TO" waypoint xy coordinates are the same as those used in the
Mini-Ranger calculations. The "FROM" waypoint coordinates Q2 in Figure
20) are calculated using the FKlG algorithm and the waypoint TDs. The range
and bearing between P and Q2 (R2 and A2 ) are not, in general, equal to
the range and bearing between P and Ql (R1 and A1).

Trackpoint Calculations
Cross track error is the best measure of the expected performance of

Loran-C navigation between waypoints. The plot of the cross track error may
exhibit a "bow" between the waypoints. That is, the error will be near zero
at both endpoints, and there will be a well defined offset somewhere near
the halfway point. The severity of this bow and the channel dimensions are
the factors which must be evaluated to determine if a track point is
necessary. A trackpoint is basically a waypoint located on the centerline
between two waypoints. The data analyst determines the location of a
trackpoint(s) by inspecting the cross track error plot. The along track
distance where a trackpoint(s) is needed is recorded. The function,
Calculate Grid Warp (see K21), is used to calculate the difference between
the measured TDs and the TDs projected from the waypoint based on the
difference in position between the waypoint and measurement point. The
differences are plotted against along track distance. The correction to be
applied at the trackpoint for each TD can be picked off the error plot at
the along track distance the trackpoint is to be located. The ideal TD at
the trackpoint is calculated using the TD Move (K24) function. The
trackpoint TD is equal to the ideal TD plus the correction determined from
the TD error plot. A sample worksheet for calculating trackpoints is shown
in Figure 22.
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.Read data file (KO)

Correct range data
Correct TD data

.Edit data for range errors (K16, option 4)

.Convert range data to xy position (K1)

.Convert TD data to xy position (K17)

(Use same "TO" and "FROM" waypoints as above)

.Compare the two sets of xy data (W3)

.Plot xy data (K18) - optional

.Plot along/cross track data (M19) - optional

.If cross track errors are significant

Calculate grid warp (K21)
Calculate track point

SUMMARY OF PROCEDURE TO COMPARE POSITION DATA
CALCULATED FROM MINI-RANGER AND LORAN-C

FIGURE 21

54

!- I



TRACKPOINT CALCULATIONS (EPA SURVEY)

.Trackpoint between WP and WP

.Trackpoint location; from WP
Range =

Bearing -

.For "MOVE" of R, B from WP

dTDW - dTDX dTDY dTDZ

dX - dY =

*For WP

TDW_ TDX TDY TDZ
)X= Y=

.TD(WP ) + dTD = FIRST ESTIMATE OF TRACKPOINT

TDW =_TDX =
_ TDY __ TDZ =

.For TD "WARP" Plot; TD corrections are:

cTDW = cTDX =  cTDY - cTDZ =

.Trackpoint TD = FIRST ESTIMATE + CORRECTION

TDW =_TDX =
_ TDY - TDZ =

.Trackpoint XY

X(TP) - X(WP )+ dX Y(TP) - Y(WP ) + dY
X(TP) - -- YTP) -

TRACKPOINT CALCULATION WORKSHEET

FIGURE 22
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PERSONNEL * SCHEDULING AND TRAINING

PERSONNEL

The minim recommnended survey crew for a Visual Reference Survey is
three. Two of the survey crev collect data aboard the survey vessel; the
other remains behind to analyze data and provide necessary support. These
duties should be rotated during the survey. When Mini-Ranger is used for a
position reference, the survey crew increases to four or five. One or two
additional personnel are required to setup and, if necessary, man the
reference station units.

SCHEDULING

A typical harbor area with 20-25 waypoints will require less than two
weeks to survey. For the test surveys of New York Harbor and Delaware Bay
and River the survey equipment was installed and tested on a Monday; data
was collected Tuesday through Friday and Monday through Wednesday of the
following week; the weekend was used for preliminary data analysis. The
equipment was removed from the survey vessel in approximately three hours.
A typical survey day is 10-14 hours from equipment turn-on in the morning to
the final set of dockside reading upon return.

The New York (EPA) survey required several visits to the New York area
to visit the COE, locate reference stations, and become familiar with the
area. For a Visual Reference Survey a presurvey visit to the area to be
surveyed is recommuended. For an EPA survey, the presurvey visit is
essential.

TRAINING

The members of the survey team should be familiar and/or receive
training in the following areas:

a. Hewlett Packard HP9845 Desktop Computer

b. Austron 5000 Loran-C Receiver

c. Motorola Mini-Ranger

d. Basic Statistics

e. Linear Regression Theory

f. Coordinate conversion algorithms, particularly the FEHG algorithm
used in PILOT equipment

g. State Plane Coordinates

SURVEY VESSEL

The ideal survey vessel is 30-40 feet long with a draft of 2-3 feet. It
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has twin screw or stern drive propulsion and AC generator capacity of
approximately 5 kilowatts. Maximum speed is 20-25 knots. There should be
both interior and flying bridge controls. The cabin area should provide a
large work area which includes a chart table, space for the TDSS, and a desk
for data analysis. Electronic equipment should include a fathometer and a
VHF FM radio.

Unfortunately, such a vessel is not currently in the Coast Guard fleet.
A 65 foot harbor tug (WYTL) was used successfully to conduct harbor surveys
in New York Harbor and Delaware Bay and River. There is enough space in the
pilot house for the HP9845 computer and Mini-Ranger control unit. In one
survey the Aus tron 5000 was located-on the mess deck and in the CPO Quarters
for the other. In both cases the TDSS was operated without the UPS, and no
difficulties related to electrical power were experienced.

A commercial vessel was used for each of the surveys of the St. Marys
River. For the survey of the Mini-chain, a 33 foot Egg Harbor was the
survey vessel. There was sufficient working space in the main cabin when
all the furniture was removed. A 38 foot houseboat was used for the survey
of the Great Lakes Chain. The houseboat provided ideal working space, but
was not as sea worthy as the Egg Harbor. In both of the St. Marys River
surveys, the survey crew operated the survey vessel. This provided
increased flexibility for scheduling survey operations, but is more
demanding of the survey crew.

IMPROVEMENTS

The sections below describe areas for improvement and expanded
capability (and utility) of the TDSS. Analysis software development to
support the expanded utility of the TDSS is also described. An area for
follow on development work is discussed in SURVEY TECHNIQUES.

TDDesign changes to the TDSS software were frozen in November 1980.
Several of the following changes were not considered essential to the TDSS
handoff.

Initialization
In the current version of the TDSS software, the parameters for the TD

graphics display (origin, minimum and maximum limits) must be inserted
manually. A revision of the data collection initialization software to

* minimize the number of manual entries will simplify the setup for data
collection during a visual reference survey. This revision can be
implemented by reading the waypoint file (with predicted or measured data)
into computer memory. The operator would then enter waypoint number rather
than TD values. Plot limits could be input relative to the waypoint (e.g.,
-1.0, +2 microseconds for X-axis; -3, +2 microseconds for Y-axis)

On-Line TD to XY Coordinate Conversion
Verification data is processed during the data analysis phase of the

survey. If an on-line TD-XY coordinate conversion capability existed within
the TDSS, the positions fixes (along/cross track) could be compared to a
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visual range as check of calculated waypoints and the requirement for a
trackpoint as the data was collected. The conversion algorithm subroutines

in TLS1 and COMPAR (Fehg and Fehgt) can be easily added to the TDSS
software. The along/cross track and xy plots used during EPA survey can

also be used to plot position data calculated from TD data. The addition of
on-line TD to xy conversion will also provide the capability to use the TDSS

to demonstrate Loran-C positioning in harbor areas before a set of PILOT
tapes is developed.

Data Storage
Additional information stored on the data tape would assist data

analysis. The provision for a comments section to be stored with each data
file would allow notes taken by the survey party to be recorded with the
data on magnetic tape. The data analyst would then be provided with a short
description of the data set, samples to be edited, etc., when the tape was

read into the HP9845.

When reducing the data collected during an EPA survey, the analyst must

refer to the survey notebook for the file names which contain the reference
station data used for the survey data run. He must also enter which station
the "Rl" transponder was located. This data could be stored as part of each

data file and input with the TD, range, and time data.

Loran-C Receiver
The Austron-5000 Loran-C Receiver is a heavy and bulky piece of

electronics equipment. It is also more complicated to operate than most
modern Loran-C receivers. A compact modern Loran-C receiver with 10
nanosecond resolution (e.g., Internav 404) would simplify transportation,
survey vessel installation, and operation of the TDSS.

The advantages of the Austron-5000 are that its performance is well
known; it is standard Coast Guard equipment; it has a fixed multi-notch

filter chassis; and it is more versatile than most Loran-C receivers
designed for commercial use.

Expand Positioning System Capability
Motorola Mini-Ranger was chosen as the electronic position reference for

the TDSS because it met the performance requirements and a set of equipmtnt
was on hand during the TDSS development. Other systems (e.g., Cubic
AUTOTAPE) are capable of providing satisfactory position data for EPA
surveys. The TDSS can have a wider range of application if the software is
also expanded to interface to longer range positioning systems such as
RAYDIST, ARGO, etc. It could then be used for chart verification in CCZ
areas as well as harbor surveys.

7 Modified TDSS
A prototype TDSS designed to use an Internav 404 Loran-C receiver has

been designed and implemented. It uses the same basic data collection
routines as the Austron 5000 TDSS but dispenses with the receiver control
portion of the program. The HP 9845 calculator receives a line of TD data
from the COMNS port of the receiver in much the same way as is employed in
the PILOT user equipment. A TTL to EIA level shifter is employed between
the receiver COMNS port (TTL) and the RS-232 serial interface on the liP 9845.
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The Internav 404 TDSS utilizes special function keys 1 through 7. The
functions are displayed at program initialization and are listed below.

K1 PAUSE
K2 CONTINUE
(3 DATA COLLECT
K4 START
K5 STOP
K6 STATS
K7 SIGN

These functions are identical to those described in table 2.

The LC 404 TDSS program entitled 404S was successfully used to verify a
visual survey of the St. Laurence River. The EPA portion of the program was
revised and successfully implemented in a survey of the Strait of Juan de
Fuca (Washington state). Unlike the Austron 5000, the tracking loop time
constant on the LC 404 receiver is fixed at approximately 8 seconds. Thus
it is not as responsive to changes in velocity. Care must be taken by the
survey party to smoothly maneuver, accelerate and decelerate the survey
vessel. To insure independent samples, a sample period of no less than 15
seconds should be selected during data collection.

DATA ANALYSIS SOFTWARE

The programs TLSI and COMPAR have grown near the limits of available
memory in the HP9845. The addition of a function to either program will
probably require that an existing function and its associated subprograms be
deleted. Care must be taken when deleting a subprogram since it may be used
by several program functions. Appendices A and B each contain a list of
their subprograms and the program functions where they are used. Another
note of caution is that subprograms in TLSl and COMPAR with the same name
may not be identical, particularly plot subprograms.

Expand TD to Position Coordinate Conversion Capability
The TDSS can be used to demonstrate Loran-C navigation and/or evaluate

TD to position coordinate conversion algorithms with the addition of the
conversion software in the form of subprograms. The design of the TDSS
software allows such expansion to be added without significant changes to
the basic program structure. The changes are equivalent to changing a
printed circuit board module in electronics equipment.

Expand "Grid Warp"
The function calculate Grid Warp in COMPAR calculates the difference

between predicted TDs and measured TDs for a data set. The predicted TDs
are about a known reference point based on the difference in distances to
the transmitters between the measured data position and the reference point
and measured TDs at the reference point. If the additional secondary phase
factor, ASF, is constant in the area about the reference point, the measured
and predicted TDs will agree. Changes in ASF over the area will be seen as
"grid warp." This function can be expanded to analyze data collected over a
large area in the CCZ to determine the behavior of ASF by calculating
predicted TDs minus measured TDs. Predicted TDs are calculated using
standard techniques (e.g., EEE-10) and position data collected from a long
range positioning system.
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Develop Self-Calibrate Software
The concept of user self-calibration is discussed in the following

section. Analysis software to demonstrate this approach must be developed,
while the TDSS could be used without modification to collect data for this
demonstration.

SURVEY TECHNIQUES

Self-Calibration
The concept of user self-calibration is that Loran-C user equipment can

be designed to collect data on several trips into and out of a harbor area
and this data then used to calculate an average inbound and outbound
trackline. The inbound and outbound tracklines can be divided into
convenient segments for display on a CRT. A straight line or curve must be
fit to the data. The user equipment can plot the average trackline and ship
position calculated from measured TDs. Alphanumerics on the display can
indicate cross track distance, cross track speed, and speed over ground.
The approach is similar to a track plotter. A track plotter could be used
to plot inbound and outbound tracklines for a harbor. The plot would then
be saved until the next visit by the vessel to the harbor. With the pen in
the up position, current ship position indicated by the point of the pen
could be compared to the trackline plotted previously. A limitation of this
approach is the scaling necessary to display the entire harbor area on the
plotting surface or the necessity to change paper several times during a
transit. This technique would also not provide a means for calculating
cross track distance.

Demonstration of the user self-calibration technique can remove the
Coast Guard from the harbor survey business. It would be up to each
manufacturer to develop a specific calibration technique for its equipment.
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PROGRAM APPLICkTIONS, 11=1"

The program "rLS1" is a collection of special function program used to
analyse data collected during a Loran-C Harbor Survey using visual aids to

navigation and channel features as a position reference. The major functions
of the program are:

a. calculate vaypoint Loran-C time differences

b. evaluate the performance of the resultant waypoints

The following is a set of general procedures to use in applying TLSl to

analyze data collected during a harbor survey using visual aids to navigation
as the position reference.

PRELIMINARIES. Waypoint table and Loran-C chain data, data files are
necessary for complete data analysis. The waypoint table file contains
time-differences, local xy coordinates, latitude and longitude for twenty-five

waypoints (see K23). The Loran-C chain data file contains latitude and
longitude and power level for three secondaries and the master and the

emission delays for the three secondaries (see K26). The waypoint table and

Loran-C chain data data files are prepared during the survey planning stages.

it is convenient to have the vaypoint table file(s) and chain date file on the
same data tape cartridge.

The Loran-C TD data may be corrected for known offsets (see K0) during the

time period that data was collected. Offsets can be determined from a local
monitor TD record and data from the system area monitor.

WAYPOINT CALCULATIAS. Waypoint calculations are divided into two categories:

a. waypoints defined by the intersection of two channel centerlines which
are both marked by visual ranges.

b. waypoints defined by the intersection of two channel centerlines which

one or both are not marked by a visual range.

Visual Range Solution:

?or the case where the waypoint is defined by the intersection of two visual

ranges, data will have been collected on each range line and stored in a data
file. The term, trackline, is used for the survey line along one of the

visual ranges. Tracklines are run near the waypoint and optimally bracket the
waypoint. Typically a trackline data file contains three to four runs along

the trackline. For each pair of TDs collected, a straight line is fitted to
the trackline data. The intersection of the lines fitted to each trackline is
an estimate of the waypoint TDs. The function, Compute Waypoint (121).
performs the above calculations. Figure 1 is a flow chart of the procedure to
be used to calculate waypoint TDs for a waypoint defined by the intersection

of two visual ranges.
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The function. Compute Vaypoint (K21). calculates statistics and linear
regression parameters for each TD pair of data collected for the two trackline
data files and the intersection of the regression lines for each TD pair. The
crossing angle of the regression lines and the estimated rm error of the
waypoint estimate (intersection of regression lines) are calculated and the
results are printed in tabular form.

The quality of the trackline date can be checked by exmining the
correlation coefficient and residuals for each TD pair. Four TD pairs can be
collected, but it is rare that all four provide useful data. In most cases,
there are three good TDs available The correlation coefficient and residuals
are a measure of how good the'trackline data fate's straight line. If the
vessel track were a perfect straight line, the residuals would be slightly
greater than the standard deviations observed at dockside. A "noisy" vessel
track will show up in larger residuals. A typical range in residuals is .025
to .060 microseconds. One's ability to detect if the survey vessel is on or
off the range decreases as distance to the range markers increase. Therefore,
tracklines run at the far end of the range will tend to have larger residuals
than tracklines nearer the range markers. In some cases, portions of
tracklines run with the range markers"over the shoulder" may cause problems
due to poor track keeping. The survey officers notebook should be checked for
coments concerning suspect data. Suspect data can be removed using the Edit
(K16) function. TD Statistics and Regression ([2). Plot TD Data with
Regression Lines ([4) and Plot Residuals ([W) are useful functions for
detecting suspect data and identifying sample numbers to delete.

The estimated rms error and the closure between waypoint solutions is a
good indication of waypoint quality. Estimated rms error is a function of
trackline residuals, crossing angles, number of samples, and the survey
pattern. Reducing trackline residuals by editing suspect data will reduce rM
error in the waypoint solution. Crossing angles are fixed by the
configuration of the channel and the Loran-C chain geometry. The ru -error is
inversely proportional to the square root of the number of samples. The error
is minimum when the survey tracklines form an X pattern. The difference
between an X pattern and a V pattern is a factor by two. Editing data to
better bracket the waypoint can improve the calculated ras error. Note: it
is not a good practice to edit data such that the trackline does not reach the
waypoint.

If there are three TD data arrays, there.will be two solutions for the
waypoint value of each TD. If four TDs are collected, there will be three
solutions for each waypoint TD. The term, closure, is used to describe the
agreement between solutions. If two solutions have low estimated rus errors
(e.g., less than 20 nanoseconds), there should be good closure between the
solutions.

The waypoint TD estimate with the lowest estimated rs error should be
chosen as the waypoint value. If two solutions have approximately the seme
rus error, they may be averaged.
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*Calculate intersection of survey tracklines ([21)

*Check quality of trackline data and waypoint solution.
*correlation coefficients (greater than .95)
•trackline residuals (20-60as)
*estimated rus of waypoint solutions
*closure of waypoint solutions
*crossing angles

*If data not satisfactory, edit and restore data files, and recompute
waypoint.

*If results still not satisfactory, resurvey waypoint.

*Choose waypoint estimated with lowest estimated rms error as waypoint
value.

*Store TD data in waypoint file.

Calculate and store waypoint xy in waypoint file.

Waypoint Calculation -Visual Range Solution

Figure 1

Von-Visual Range Solution:

An iterative approach has been developed for the situations where there is
only one or no visual range available. In this case, TD data is collected
along channel edges, the channel centerline (if a range is available), and at
aids-to-navigation near the vaypoint and along channel edges. The TDs of a
fixed aid near the waypoint (a buoy may be used if it is the only aid
available) are stored temporarily as the waypoint TDs (K27). The
corresponding xy coordinates are calculated using the Daisy Chain ([22)
function from the local origin or adjacent waypoint. The offset of the
waypoint from the aid-to-navigation is estimated from the navigation chart for
the area and used in the Move (K24) function to calculate the waypoint TDs.

The TD data collected in the area around the waypoint is converted to xy
and along/cross track position coordinates using function K17, Convert TD Data
to xy and AT/CT. The converted data is plotted and compared to the navigation
chart. Function K18, Plot XY Data, will plot the position data on the CRT or
9872A plotter. The plot can be scaled to a navigation chart scale (e.g.,
1:10.000, 1:20,000, 1:40,000, 1:80,000) or automatically scaled for the range
of xy data. The function K19, Plot Along/Cross Track Data, automatically
scales and plots the calculated cross track vs along track date.

The xy and along track plots are compared to the navigation chart (and COg
dredging charts if available). If the plotted data is consistent with the
chart, then the calculated waypoint TD coordinates are good. If the plotted
data and navigation chart do not agree, the offset of the waypoint is
determined from the plots. The waypoint is "moved" using K24 and the xy and
cross track data is recalculated and replotted. This process is repeated
until the plotted data greees with the navigation chart.
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* Store the The of a fixed or floating aid-to-navigation near the
waypoint as a temporary waypoint ([23).

*Offset the Te from the fixed or floating aid near the waypoint to the
waypoint ([24).

*Convert TD data collected along channel edges, channel centerlines, and
at aids to navigation to xy and along/cross track coordinates (K17).

*If xy and along/cross track data plots (18. K19) do not agree with
"reality," then use MOVE function (K24) to reposition waypoint until data
and "reality" agree (repeat K17, K18, K19).

*Store waypoint TD and xy in waypoint file.

WAYPOINT CALCULATIONS - CHANNEL EDGE DATA

Figure 2

WAYPOINT VERIFICATION. There are two general approaches to waypoint
verification. If the waypoint was calculated using the channel edge
technique: the waypoint calculations are verified in the process of
calculating the waypoint. The waypoint Thu are modified until position data
converted from TDs for channel edges and aids-to-navigation agreed with the
navigation chart.

In the case where the waypoint is defined by the intersection of two
ranges, data is collected along the entire length of the channel centerline
during the survey. Data is usually also collected along channel edges and at
several aids-to-navigation. Data collected along the channel centerline is
converted to xy and along/cross track coordinates using function K17. The
plot of cross track vs along track (K19) is the best indicator of waypoint
quality. If both waypoints are good and the vessel track was close to the
centerline over the entire length of the channel, the cross track distance
Swill be zero or near zero at both endpoints (e.g., at the waypoints). There
may be a slight "bow" in cross track near the midpoint of the channel length.
If the bow is severe a trackpoint can be inserted between waypoints. If the
cross track distance is not near zero at one or both waypoints, recheck the
waypoint calculations and check the survey notebook for coments as to whether
the vessel was on range. It is good survey practice to collect data along the
entire length of the channel several times during the survey. Several of
these runs should be checked for consistent results before it is concluded
that a waypoint is in error or a trackpoint is necessary. Data along channel
edges and at aids-to-navigation is also converted to xy and along/cross track
position and plotted ([I8 and [19). The plots are compared to the navigation
charts and COE data for agreement.

Another check of waypoint calculations is to calculate xy positions (using
3 TDs) for TD data collected in an area near the waypoint and use the project
function, K27, to calculate the average TD fix triangle. The project function
is the inverse of the Convert TD to r/ and AT/CT function (K17). For each xy
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position, a set of TD values is calculated based on the distance from the

waypoint position and the waypoint TDs. These calculated Me are differenced
from the measured TDs for each data sample. Statistics for the resultant
differences are calculated and a susmary table is printed on the hard copy
printer.

TRAC IPOINT CALCULATION. The location of a trackpoint is determined from the
along/cross track plot (M19). The trackpoint is generally selected where the
"bow" in the plot is the maximua. The Move function, K24, in the range
bearing mode is first used to calculate the "ideal" TD and xy at the range
from the waypoint where the trackpoint is to be located. The changes in TD
and xy calculated by [24 are applied to the waypoint values and stored in the
waypoint table, K27, as the TD and xy for the trackpoint. These trackpoint TD
and xy coordinate values are an interpolation between the two waypoints
bracketing the channel. To provide a correction for the "bow" in the
along/cross track plot, the Move function is used to offset the trackpoint in
the direction and equal to the magnitude of the "bow." The resultant
calculations are applied to the trackpoint. The trackpoint coordinates are
then used as the "to" waypoint for Td to xy calculations and the resultant
along/cross positions are replotted as a check of the trackpoint
calculations. In some cases there may be a requirement for more than one
trackpoint. Additional trackpoints are calculated as outlined above using the
first trackpoint as one of the two waypoints.

Rows 1-20 of the waypoint table are generally set aside for waypoints, row
25 contains the data for the local origin. Rows 21-24 are used for
trackpoints.
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TRACK POINT OIRKB UT

Track point calculations:

•Trackpoint betveen WF and VP

-Distance of Track point from WP __ R=

*Bearing from VP B

•Results of move of MB from WP( ):

dTDX - dTDY - dTDZ -
WP( ) TDX = TM - TDZ =

First Estimate
of Trackpoint

WP( ) Position X = Y M
dx - dy =

First Estimate of -

Trackpoint XY

•Trackpoint stored as WP

•Magnitude of offset (e.g., BOW), M =

•Move Trackpoint; R M H, B = B+90

*Recalculate xy data using trackpoint

• Replot CT/AT data

Reminder: Re-store vaypoint table on vaypoint file

4
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Data Analysis Software

Function: Read Data File

Special function key: K0

Subprograms:

Read (W(*), X(*), Y(*), Z(*), Rl(*), R2(*). U*(*), N. FV)

Read.alt(W(*), X(*). Y(*), Z(*). U$(*), N, F$)

The program function reads time-difference (TD) and tine-of-day data stored on
magnetic tape. The TD data may be corrected for known errors. If TDs are
corrected, a lower case "t" is annotated to F$.

Input parameters:

F$ - File name
Td cor$ - Indicates if TD data is to be corrected, "Y" yes, "N" no.
Wcor - correction to W(*)
cor -correction to W)

Ycor - correction to y(*)
Zcor - correction to Z(*)

Output parameters:

W(*) - TDW data
X(*) - TDX data
Y(*) - TDY data

Z(*) - TDZ data
Rl(*) - Range 1 data (Not used)
R2(*) - Range 2 data (Not used)
U$(*) - Time-of-day data

N - number of samples
F$ - annotated file name.

F$&"t" - TD data corrected

User Instructions:

Prerequisite functions: None

1. Insert data tape into left hand tape transport.

2. Press KO. The menu is cleared and "READ DATA FILE" appears on the CRT in
inverse video.

3. When "DATA FILE TYPE? TD&RANGE1 OR TD ONLY2" appears on the display line:

a. If the data file contains both TD and range data arrays (e.g. post
Delaware data or reformatted Delaware data):
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(1) Enter: 1
(2) Press: CONT

b. If the data file contains only TD arrays (e.g. Delaware and
pre-Delaware data)
(1) Enter: 2
(2) Press: COUT

4. When "File Name?" appears in display area:

a. Enter: File name
b. Press: CONT

The file is read and the file name and number of samples are printed.

5. When "CORRECTION TO TDs? Y/N" appears in display area:

a. If you want to correct TD data:

(1) Enter: Y
(2) Press: CONT
(3) Go to Step 6

b. If you do not want to correct TD data:

(1) Enter: N
(2) Press: CONT
(3) Go to Step 10

6. The start and stop times for the data collected will be printed. When
"CORRECTION TO TDW(MICROSEC)?" appears in display area:

a. Enter: correction to TDW data in microseconds

b. Press: CONT

7. When "CORRECTION TO TDX(MICROSEC)?" appears in display area:

a. Enter: correction to TDX data in microseconds
*' b. Press: CONT

* 8. When "CORRECTION TO TDY(MICROSEC)?" appears in display area:

a. Enter: correction to TDY data in microseconds
b. Press: CONT

9. When "CORRECTION TO TDZ(HICROSEC)?" appears in display area:

a. Enter: correction to TDZ data in microseconds
b. Press: CONT

The corrections entered for each TD will be printed and titled.

10. The program function is complete. The function menu is printed on the
CRT.
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Function: Calculate Statistics and Linear Regression of TD ata

Special Function Key: K2

Subprogram:

Ri o (V(*), N, D, Lv)
Stat mat V(*), X(*), y(*), Z(*), Stat(*), Cov(*), Oset(*), I)
leg TStat(*), Cov(*), S(*), R(*), 0 set(*))
Print (Stat(*),.Oset(*), Cov(*), RT*). N, V)

This program function calculates statistics, linear regression coefficients.
and minimum and maximum for the four TD arrays. Statistics and regression
parameters calculated are:

a. mean for each TD
b. standard deviation for each TD
c. covariance of TD pairs
d. correlation coefficient of each TD pair
e. linear regression slopes of each TD pair
f. standard deviation of residuals for each regression line

Input parameters:

W(*), X , Y(), Z(*) - TD arrays
N - number of samples

Output parameters:

Stat(*) - Suary statistics array containing sums, sums of squares,
mean and standard deviation

Oset(*) - First data sample for each TD
Cov(*) - Summary statistics array contains sums of cross products.

covariance, and correlation coefficients of TD pairs
Bv, Bx,'By, Bz - Maxisum value for each TD array
Lv, Lx, Ly, Lz - minimum value for each TD array.
S(*) - A sunary statistics array containing mean and standard

deviation for each TD pair
R(*) - An array containing linear regression slope, EMS residuals.

and definition of the independent variable for each TD pair

User Instructions:

Prerequisite functions: KO Read Data

1. Press K2. The menu is cleared and "STATS AND REGRESSION OF TD DATA"
appears on the CRT in inverse video.

2. The file name, start time, stop tim, and a tabulation of the statistics
and linear regression parameters for the TDs and TD pairs is printed on the
hard copy printer.

3. The program function is complete. The function menu is printed on the CR!.
A-8a
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Function: Separate Data into Subfiles

Special Function Key: K3

Subprograms:

Separate (W(*), X(*), Y(*), Z(*), Rl(*), R2(*), U$(*))
Store (A(*), B(*), C(*), D(*), Rl(*), R2(*), Ut(*), Ht, F$)

This program function enables the operator to separate and store a large
data set into several smaller data files or to store a subset of the data into
a data file.

Function parameters:

W(*), X(*), Y(*), Z(*) - TD data arrays
Rl(*), R2(*) - Miniranger data arrays
U$(*) - Time-of-day data array
A(*), B(*), C(*), D(*) - TemporarX TD data arrays

User Instructions:

Prerequisite functions: Read Data, KO, or Link Data, K25

1. Press K3. The menu is cleared and "SEPARATE DATA INTO SUBFILES" appears
on the CRT.

2. When "FOR SUBFILE ENTER: START SAMPLE NUMBER" appears on the CRT:

a. Enter: The sample number for the beginning of the subset of interest
b. Press: CONT

3. When "FOR SUBFILE ENTER: STOP SAMPLE NUMBER" appears on the CRT:

a. Enter: The last sample number for the subset of interest
b. Press: CONT

4. When "FILE NAME?" appears on the CRT:

a. Enter: File name for subset to be stored. Ensure that a tape
cartridge with available space is in the left hand tape drive.

b. Press: CONT

5. The data file is created and 4ata stored. The menu is reprinted on the
CRT. If another subfile is to be stored, go to Step 1.
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Function: Plot TD Data with Regression Lines

Special Function Key: 14

Subprograms:

Plot (Lx, Zx, Ly, By, Xaxis, Taxis, I(*), y(e), Slope, V, T DX" "TDT, 1$)

The program function plots two of the time-difference arrays against each
other and also plots the linear regression line for the TD pair chosen. The
program automatically scales the plot for the minimum and maximum TDa for each
array. The axes are drawn through the man for each TD. Minor tic marks are
every microsecond and major tic marks every 10 microseconds.

Parameters:

Plot - TD pair to be plotted

1 a WX; Z - WY; 3 - lZ; 4 - XY, 5 = Z, 6 -YZ

Lv, Lx, Ly, Lz - Minimum TD for each array

Dv, Sx. By. Bz - Maximum TD for each array

S(*) - Statistics sumary array containing means and standard deviations for
each pair to TD arrays

R(*) - Regression su mary array which contains slopes of regression lines

F- Number of samples

*- File name

User Instructions:

V prerequisite function: 10 - Read Data File
K2 - Calculate Statistics and Linear

Regression of TD Data

1. Press K4. The menu is cleared and "PLOT TD DATA WITi RIGRISSION LINES"
appears on the CRT in inverse video.

2. When "PLOT? WX1, WY2, WZ3, XY4, XZ5, YZ6" appears on the display line:

a. Inter: 1-6 depending on which plot is desired
b. Press: CONT

3. The selected TD data will be plotted on the CRT. When finished viewing
the plot:

a. tress: CONT
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Function: Plot Residuals

Special Function Key: K5

Subprograms: Rplot(Iv(*), D(*). S(M), R(*), Pr, N, Vl$, V2$, F$)
Hi-lo(X(*), N, Hi, Lo)

This program function plots the residuals from the linear regression of any TD
pair (See K2). The residuals may be plotted against sample number or the
independent variable. Residuals are normalized to the standard deviation of

the residuals. Normalized values greater than 5 are printed on the hard copy
printer and are not plotted.

Variables:

W(*), X(*), Y(*), Z(*) - TD data arrays
S(*) - Statistics summary array

R(*) - Regression summary array
Pr- TD pair for which residuals are being plotted: 1 - WX, 2- WY, 3 WZ,

4 - XY, 5 - XZ; 6 - YZ
N - Numbers of Samples

Vl$, V2$ - Names of two TDs for which residuals are being plotted, i.e.
"TDW', "TDX", etc.

F$ - Data file name

User Instructions:

Prerequisite functions:
KO - Read Data
K2 - Calculate Statistics and Linear Regression of TD Data

1. Press K5. The menu is cleared and "PLOT RESIDUALS" is printed on the CRT
in inverse video.

2. When "PLOT? WXl, WY2, WZ3, XY4, XZ5, YZ6" appears on the display line:

a. Enter: 1-6 depending on which plot is desired
b. Press: CONT

3. When "PLOT RESIDUALS VS N(l) OR INDEPENDENT VAR(2)?" appears on the
display line:

a. To plot the residuals vs sample number:

(1) Enter: 1
(2) Press: CONT

(3) Go to: Step 4
b. To plot the residuals vs the independent variable:

(1) Enter: 2
(2) Press: CONT
(3) Go to: Step 4

4. The normalized residuals for the selected TD pair regression line will be
plotted on the CRT. When finished viewing the plot:
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a. Press: CONT

5. When 'IAMD COPY? Y OR N" appears on the display line:

a. If a hard copy of the plot is desired:
(1) Enter: Y
(2) Press: CONT

b. if no hard copy of the plot is desired;
(1) Enter: N
(2) Press: CONT

6. The program function is complete. The function menu is printed on the CRT.
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Function: Edit Data

Special Function Key: K16

Subprograms:

Delete (W(*)). X(*), Y(*), Z(*). RI(*), R2(*). U$(*), No 7*)Delete blok NO(), X(*. T(*) Z(*), Rl(*), R2(*), U$(*), No Fj)

Deleteotd ((*), X(*), Y(*), Z(*), Rl(*), R2(*), U$(*). N, F$)

This program function is used to edit (i.e. remove) samples from the data (TD,

time, and range) arrays. Three options are available to the user:

a. The first option deletes a single data sample in each data array.
b. The second deletes a block of data samples.

c. The third deletes samples vith TD samples outside a range that is
input by the operator.

When editing of the data arrays is complete, the operator may store the edited

data on a new file for later use.

NOTE: The edit function deletes only data samples. Arrays containing KY and
along/cross track position data are not affected. Function K17 must be

repeated to see the effect of editing on computed positions.

Paramaters:

Edit - Indicates which edit subroutine is to be used.

1 - delete sample by sample
2 - delete block of samples
3 - delete samples with TD values outside limits determined by operator

W(*), X(*), Y(*), Z(*), Rl(*), R2(*), U$(*) - Data arrays
N -.Number of samples
F$ - Data file name

User Instructions:

Prerequisite functions:

KO: Read Data
Optional: Several other program functions may be run prior to the Edit

function to determine which data samples are to be edited.
e.g. K2, [4, K5, K18

1. Press: K16. The menu i, cleared and "EDIT DATA" appears on the CRT in

inverse video.

2. When "SINGLE LINEI, BLOCK2, OR TD-CLIP3" appears on the display line:
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a. If you want to delete samples ow at a time:
() Enter: 1
(2) Press: CONT
(3) Go to Step 3

b. If you want to delete a block(s) of samples:
(1) Enter: 2
(2) Press: COlT
(3) Go to Step 8

c. If you want to delete samples outside a set of TD bounds:
(1) Enter: 3
(2) Press: CONT
(3) Go to Step 11

3. When "SAMPLE TO BE DELETED? START WITH HIGHEST NUMBER" appears on the
display line:

a. Enter: Sample number
b. Press: CONT

The sample deleted and the nuaber of samples remaining are printed on the hard
copy printer.

4. When "ANOTHER SAMPLE TO DELETE?" appears in the display area:

a. Enter: Y(if another sample is to be deleted) or N
b. Press: CONT
c. If another sample is to be deleted, go to Step 3.

5. When "LIST DATA?" appears in the display area:

a. If a listing of the data is desired:
(1) Enter: Y
(2) Press: CONT. The data is printed on the hard copy printer.

b. If a listing of the data is not desired:
(1) Enter: N
(2) Press: CONT

6. When "STORE D.TA?" appears in the display area:
a. If you want to store the data

(1) Enter: Y
(2) Press: CONT
(3) Go to Step 7

b. If you do not want to store the data
(1) Enter: N
(2) Press: CONT
(3) Go to Step 15

7. Insure that a tape cartridge is loaded into the left hand tape drive.
When "FILE NAME?" appears on the display area:

a. Enter: File name
b. Press: CONT
c. Go to Step 15

A-13

* -..



8. When "FIRST SANPLE IN BLOCK?" appears in the display area (if more than
one block is to be deleted, delete the block with the higher smple numbers
first. The array is renumbered after each edit.)

a. Enter: First sample
b. Press: CONT

9. When "LAST SAMPLE IN BLOCK TO BE DELETED" appears in the display area:

a. Enter: Last sample
b. Press: COUT

The block of samples deleted and the numbers of samples remaining are printed

on the hard copy printer.

10. When "ANOTHER BLOCK TO BE DELETED?" appears in the display area

a. If there is more data to be deleted
(1) Enter: Y
(2) Press CONT
(3) Go to Step 8

b. If no more data is to be deleted
(1) Enter: N
(2) Press: CONT
(3) Go to Step 5

11. When "CLIP LIMITS FOR TDW? MIN, MAX" appears in the display area:
a. Enter: minimum TDW, maximum TDW
b. Press: CONT

12. When "CLIP LIMITS FOR TDX? MIN, MAX" appears in the display area:
a. Enter: minimum TDX, maximum TDX
b. Press: CONT

13. When "CLIP LIMITS FOR TDY? MIN, MAX" appears in the display area:
a. Enter: minimum TDY, Maximum TDY
b. Press: CONT

14. When "CLIP LIMITS FOR TDZ? MIN, MAX" appears in the display area:
a. Enter: minimum TDZ, maximum TDZ
b. Press: COUT

The number of samples deleted and number of samples remaining are printed on
the hard copy printer.

c. Go to Step 5

15. The program function is complete. The program menu is printed on the CRT.
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Function: Convert TD Data to KY Position

Special Function Key: K17

Subprogram:

Cart coord (Kmit(*), Vpt(25,7), upt(25,8), zmit(*))
Rb (Wpt(Wt,5), Wpt(Wt,6), Zmit(I,l), Zzmit(I,2),ear(I)9 Range MI)
G mat (Power(*), V, Range(*), Bear(*, Zp(*) Aa(*), G123(*) G12(*).

G23(*, G13(*))
Up3 (Upt(*), Conf, Wt. Tp(*). Zpp(*), LO)

Fehg (Zzmit(*) Zpp(*), Tp(*), Tq(*, G123(*), Zq(*, V)
Fehgt (Zin(*)', Zpp(*), Tp(*), Tq(*) GM*, Zq(*, V)
Wp2 (Wpt(*), Conf, Wt, Tpp(*), Pair, Zpp(*), GUM(*, G23(*, GlUM*, GM*)

L$, Zuit(*), Zxm(*))
Td2 (W(*), W(), Y(*), Z(*, 1, Conf, Pair, Tqq(*))
Wpf2 (Wpt(*), Conf. Pair, Wf, Tqq(*))
Ct -at (Pos-x(*, Poxjy(*), Ct(*, At(*, Wpt(Wt,5), Wpt(Wt,6)
Stat mat (Poa_X*) P syM.) Ct(*), At(*, Stat(*), Cov(*) 0_set(*), N)
Reg TStat(*), Cov(*), S(*), f(*): 0_set(*))
Track (Stat(*, 0 set(*), Cov(* R(*), Sample, F$, Wt# Uf, Angle, N)
Rotate (Glat, Glon, R(*))
Cart (Plat. Plan, K, Y)
FNGlat (Lat, F)
Pseudo (Glat, Glan, R*, Plat, Plan)

This program function converts Td data to KY and along/cross track positions
using the FERG algorithm and surveyed waypoints. The program will compute

either a three or two TD solution. A sumary table is printed on the hard
copy printer which lists:

-chain and LOPs used in the solution
-file nm
-bearing angle between waypointa used for along/cross track calculation
-rms trackline of data
-average cross track position
-standard deviation of cross track position
-average xy position
-standard deviation of zy position data

Function Parameters:

Chain$ - Loran-C transmitting chain file which contains transmitter positions,
power, and emission delays. The convention for naming chain files is a
four letter code followed by a number from 1 to 4, eg 331181. The number
designates the three secondaries utilized: 1 - KYZ, 2 - WKY, 3 * UZ,
4 -WYZ.

Cl --Flag which is set when the Loran-C chain file is read
Poe x(*). PosJy(*) - x and y position arrays
At04), Ct(* - Along and crass track position arrays
KmiI(* - Transmitter geodetic positions
Power(* - Transmitter power levels
Imis(* - Secondary transmitter er'ssion delays
11 - Flag to indicate when the waypoint file is read
File$ -Waypoint file name
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Wpt(*) - Waypoint data array
Zxmit(*) - Transmitter Ky positions referenced to local origin (Vpt(25,7),
Wpt(25,8))

Wt - Waypoint used as reference for TD to Xy calculations
Wf - Waypoint used for along/cross track calculations to Wt
Bear(*) - Bearings from waypoint to transmitters
Range(*) - Ranges from waypoint to transmitters
Zp(*) - XY position of waypoint
V - Velocity of propagation
A&(*) - Gradient matrix, xy to TD
G123(*) - Three Td gradient matrix, TD to KY
G12(*), G13(*), G23(*) - Two TD gradient matrices. TD to XY
Conf - Chain configuration 1 - XYZ, 2 WXTY, 3 - WXZ. 4 - WYZ
Ch$ - Abbreviation of chain, eg first four characters of chain$
So - Indicates two or three solution: 2 - 2-TD, 3 = 3-TD
Lt - LOPs used in TD to XY calculation, eg XYZ, YZ, WX, etc.
W(*), X(*), Y(*), Z(*) - TD data arrays
Zq(*) - XY position solution
Tq(*) - 3-TD sample
TQQ(*) - 2-TD sample
Zpp(*) - XY position of waypoint
Tp(*) - 3-TD vaypoint
Tpp(*) - 2-TD waypoint
Zxx(*) - Dummy position array
Pair - LOP pair used for TD to xy calculation

If Conf - 1; 1 - XY, 2 - XZ, 3 - YZ
If Conf - 2; 1 = WX, 2 - WY, 3 - XY
If Conf - 3; 1 WX, 2 a WZ, 3 - YZ
If Conf - 4; 1 - WY, 2 - WZ, 3 - YZ

G(*) - 2TD G matrix used in 2TD solution
Zxm(*) - Transmitter xy positions - two TD case
R Distance between "TO" and "FROM" waypoints
Stat(*), Cov(*), 0 set(*), S(*), R(*) - Arrays containing suaunry statistics
of xy and along/cross track position

User Instruction:

Prerequisite instructions: Read Data, KO

1. Press K17. The menu will be cleared and "CONVERT TD TO XY" will appear on
the CRT in inverse video.

2. When "CHAIN CONFIGURATION? " appears on the display line:

(1) Insure that the tape cartridge containing chain data is
in the right hand tape drive.

(2) Enter: Chain file. Note: Chain files have five character
names. The first four characters denote the chain, eg NEJUS,
SEUS, WCUS. The number following the characters denotes the
secondaries, eg: I = XYZ, 2 - WXY, 3 - VIZI 4 - WYZ

(3) Press: CONT
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NOTE: Chain'configuration data is only read once. The data is stored in
memory for further use. To change chain configuration either:

a. Press: STOP
b. Press: RUN. This clears data memory and "CHAIN CONFIGURATION" will be

requested as above. All other data in memory will also be cleared.

OR
a. Enter: Cl - 0
b. Press: EXECUTE. This clears the flag, Cl, which will cause the

program to branch through the "CHAIN CONFIGURATION?" statement.

3. When 'AYPOINT FILE NME?" appears in the display area:

a. Insure that the tape cartridge containing waypoint data is

in the right hand tape drive.
b. Enter: Waypoint file
c. Press: CONT

NOTE: Waypoint file data is read only once. The data is stored in memory for

further use.

To change the waypoint file:

a. Press: STOP
b. Press: RUN. This clears data memory and 'AYPOINT FILE" will be

requested as above
OR

a. Enter: Fl - 0
b. Press: EXECUTE. This clears the flag Fl which will cause the program

to branch through the "WAYPOINT FILE?" statement.

4. When "WAYPOINT TO?" appears in the display area:

a. Enter: Waypoint number. NOTE: If a comparison of Mini-ranger and
Loran-C position data is to be made. insure that "TO" and "FRO"

waypoints are consistent. Conversion waypoint is "TO" waypoint.
b. Press: CONT

- I

5. When '"AYPOINT FROM ?" appears in the display area:

a. Enter: Waypoint number. See Note above

b. Press: CONT

6. When "TWO OR THREE TD SOLUTION?" appears in the display area:

a. If a two TD solution is desired:
(1) Enter: 2

(2) Press: CONT
(3) "TWO TD SOLUTION, CHAIN = LOiS - " is printed on

the hard copy printer.
b. If a three TD solution is desired:

(1) Enter: 3
(2) Press: CONT
(3) "THREE TD SOLUTION, CHAIN = LOPS - " is printed on

the hard copy printer.
A-17

A



7. The sample number is displayed in display area as the program sequences
through the data arrays. When the calculations ere complete, a sumary table
is printed on the hard copy printer which contains:

&. data file name
b. bearing angle between waypoints
c. rus trackline of data
d. average cross track position
e. standard deviation of cross track position
f. average x,y position
g. standard deviation of xy position data

8. The program function is complete. The function menu is printed on the CRT.
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Function: Plot KY Data

Special Function Key: KIS

Subprograms:

Hi-lo (Pos x(*), N, Maxx, Minx)
Xplot (T, Poszx(*), Pos_y(*), Kin x, Max_x, Miny, Mx, y, N, No, F$, Ch$,
L$, Pl)

This program function plots the xy data calculated from Loran-C TDs on the

CRT or 9872A plotter. Two options are available. The first automatically

scales the CRT (or9872A) plotting area to the range of xy data. The operator
may zoom in on a section of the plot, find the sample number of a plotted
point, and digitize up 10 locations on the plot. The second option plots the

xy data to a chart scale (1:10,000,1:20,000, 1:40,000, or 1:80,000). The axes
are drawn through a waypoint selected by the operator. The operator also

inputs the offset of the waypoint (axes) from the lower left hand corner of

the plotting area. The selection of waypoint offset and scale determines the
window of data which will be plotted.'

Function parameters:

Pos,.x(*), Poey(*) - xy position calculated from Loran-C data
Minx, Miny - Minimum x and y positions
Maxx, Maxy - Maximum x and y positions
T - Line type
N - Number of samples

No - Denotes first or second time data is being plotted
Ch$ - Loran-C chain, eg NEUS, SEUS, etc.
L$ - Loran-C LOPs, eg XY, WI, etc.

User Instructions:

Prerequisite functions: KO and K17

1. Press [18: The menu is cleared and "PLOT XY DATA" is printed on the CRT.

* 2. When "STANDARD XY PLOT1 OR PLOT TO CHART SCALE2? 1 or 2" appears on

display line:

* a. If data to be plotted standard X Y

* 1. Enter I
2. Press: CONT

3. Go to step 3
b. If data to be plotted to chart scale

1. Enter: 2
2. Press: CONt

3. Go to step 15
3. When "PLOT DATA ON CRTI OR 9872A2: 1 OR 2" appears on the display line:
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a. Enter: 1 or 2

b. Press: COlT

4. After viewing plot

a. Press: CONT

5. When "ZOOM: Y OR N" appears on display line:

NOTE: When using 9872A, change paper

a. To blow up a section of the plot:
(1) Enter: Y
(2) Press: CONT
(3) Go to step 6or 7

b. If a "zoom" or further "zoom" is not wanted:
(1) Enter: N
(2) Press: CONT
(3) Go to step 8

6. For CRT, when the cursor appears on the CRT, place cursor at the lower
left-hand corner of the area of interest and press CONT. When cursor
reappears, position cursor at the upper right-hand corner of the area of
interest and press CONT. The selected area is replotted on the CRT.

Go to step 5

7. For 9872A. place pen at lower left-hand corner of the area of interest and
press"ENTEW" on the plotter.

Go to Step 5

NOTE: The "zoom" may be repeated several times.

8. When "FIND SAMPLE NUMBER AND VALUE OF PLOTTED DATA POINT?" appears on the
display line:

a. If the sample number of a point on the plot is desired:
(1) Enter: Y
(2) Press: CONT

b. if not:
(1) Enter: N
(2) Press: CONT
(3) Go to Step 11

9. For CRT, when the cursor appears on the CRT:

a. Center it on the point of interest
b. Press: CONT

10. For 9872A, move pen to point of interest
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a. Press "ENTER" on plotter

The sample number and coordinates will be printed on the printer. If no data
is printed, try repositioning the cursor closer to the point of interest or
replot the data and use "zoom" to blow up the area around the point of
interest.

c. Go to Step 8

11. When "DIGITIZE?" appears in the display area:

a. If you want to digitize 1-10 points on the plot:
(1) Enter: Y
(2) Press: CONT

b. If not:
(1) Enter: N
(2) Press: CONT
(3) Go to Step 9

12. When "HOW MANY? 1-10" appears in the display area:

a. Enter: the number of points to be digitized
b. Press: CONT

For CRT, when the cursor appears on the CRT, center it over a point of
interest and

c. Press: CONT

For 9872A, center pen over point of interest

d. Press: Enter

A plus sign (+) will appear over the data point and the number of points
digitized (1-10) will appear to its right. Continue the procedure until the
number of points to be digitized is complete. A list of the digitized point
coordinates is printed on the hard copy printer.

d. Go to Step 14

13. The plct will reappear on the CRT. When finished viewing the plot press
CONT.

14. For CRT, when "HARDCOPY? Y OR N" appears on the display line:

a. If a hard copy of the plot is desired:
(I) Enter: Y
(2) Press: CONT
(3) Go to step 20

b. If not:
(1) Enter: N
(2) Press: CONT
(3) Go to step 20
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15, When "IAYMOIN FOR AlE#S" appears oR display line
a. Eter: aypoint go. for Aes
b. Press: COlT

16. Vhe "WAI PoI-W o nft LoMn RI? SAM CoM 01 PLoI . T (2)"'
appears on display line:

a. Enter: X&Y
b. Press: CONT

17. When "PLOT DATA O CRTI OR 9872A2? 1 OR 2" appears on the display line:

a. Enter: 1 or 2
b. Press: COlT

18. When "CHART SCALE 1:10,0001. 1:20.0002, 1:40,0004, 1:80.0008. 1, 2. 4. or

a. Enter: Chart scale (1. 2. 4 or 8)

b. Press: COWT

19. If data plotted on CRT:

a. Go to step 20

20. The function is complete. The function menu is printed on the CRT.
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I
Function: Plot Along/Cross Track Data

Special Function Key: K19

Subprograms:

Hi lo (Ct(*), , Mazc, Minc)
Patct (At(*), Ct(*), N, Mina, Maxa, Mince Mmc, Vt Wf. 1*, R. No. Data)
G mat (P(*), V, Range(*), Bear(*), Zp, A(*), G123(*), G12(*), G23(*),

G13(*))

This program function plots cross track vs along track position. The plots
are automatically scaled and labeled.

Function parameters:

At(*), Ct(*) - Along and cross track position arrays calculated from
Loran-C data

N - lumbers of.samples
Maxc, Maxcc - Maximua cross track'distance
Minc, Mincc - Minimum cross track distance
Maxa. Maxas - Maximm along track distance
Mina. Minaa - Minimum along track distance
Wt - Waypoint to
Wf - Waypoint from
R - Distance between waypoints
F$ - File name

User Instructions:

Prerequisite function: K17

1. Press K19. The program menu is cleared and "PLOT ALONG TRACK CROSS TRACK

DATA" is printed on the CRT in inverse video.

2. The along/cross track data is plotted on the CRT. When finished vieving
the plot:

a. Press:, CONT

3. When '%ARD COPY? Y OR N" appears in the display area:

a. If a hard copy of the plot is desired:
(1) Enter: Y
(2) Press: COlT

b. If not:
(1) Enter: N
(2) Press: CONT

4. This function is complete. The function menu is printed on the CRT.
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Function: Predict TD

Special Function Key: K20

Subprograms:

Range (Lat, Lon, Imit(Ijl), Xmit(I.2), Range (1))
Bear (Let, Ioa, Kmit(I,l), Ximit(I.2), Bear(I))
Td (lange(*). V, Emis(*). Td(*))
G mat(P(*). V, Range(*), Bear(*) Zp(*). AM*, Gl23(), Gl2(*) G23(*),

This program function calculates predicted TDa for an input latitude,
longitude. The program also outputs range and bearing to transmitter stations
and GDOPs for the three TD and two TD fixes.

Function Variables:

Cl - Chain flag indicates if chain data has been read into mmry
Chain$ Chain name
Xmit(*) -Transmitter positions (latitude. longitude)
Power(* - Transmitter power
Rmis(* Secondary emission delays
P$ - Indicates input position is a waypoint
Fl - Vaypoint table flag, indicates waypoint table has been

read into memory
Upt(*) - Waypoint table
Lat,Lon - Latitude and Longitude of position of interest
D,M,S - Degrees, Minutes, Seconds
Range M* - Ranges to transmitters
Bear(* - Bearings to transmitters
Td(*) - Predicted Thu
Aa(* - Gradient matrix; xy to TD
G123(* - Three TD gradient matrix; TD to KY
G12(*), G13(*), G23(* - Two TD gradient matrices, TD to KY
Gdop 123 - Three TD Geometric Dilutin of Precision (GDOP)
Gdopl2, Gdopl3, Gdop23 - Two TD GDOPs
Ch0 Chain abbreviation, eq NEUS - North Sat United States
Conf -Indicates three TD configuration: 1 - KYZ& 2 - WXT, 3 VIZ,
4 WYZ

User Instructions:

Prerequisite functions: None

1. Proe K20. The program menu is cleared and "TD PREDICTION" is printed on
the CRT in inverse video.

2. When "CHAIN FILE" appears in the display area:

(1) Insure that the tape cartridge containing chain data is in the
right hand tape drive

(2) Enter: Chain file. Note: Chain files have five character
names. The first four characters denote the chain, eg NZUS
SIUS, se The number following the character denotes the
secondaries, eg 1 - YE, 2 -WIT, 3 a Z, 4 -T

(3) Press: CON?
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Note: Chain configuration data :is tread ohy once. The data is Udted 'in
memory for further use. To change chain configuration either

a. Press: STOP
b. Press: RUN. This clears data memory and "CHAINIlE" villbe

requested as above. All other data in memory will also be cleared
OR

. Enter: Cl - 0
b. Press: EXECUTE. This clears the flag Cl which will cause the

program to branch through the "CHAIN FILE" statement.

3. When "IS POINT 0F INTEREST ON WAYPOINT FILE? Y OR N" appears in the
display area:

a. If the point of interest is on the vaypoint file:
(1) Enter: Y
(2) Press: CONT

b. If not:
(1) Enter: N
(2) Press: CONT
(3) Go to Step 6

4. When -VP FILE NAME?" appears on the display line (see Note below)

a. Insure that the tape cartridge containing waypoint data is in the

right hand tape drive
b. Enter: aypoint file name
c. Press: CONT

Note: This step is skipped on successive runs of this program function or if
the waypoint file has been read during a previous function.

5. When "WAYPOINT NO.?" appears on the display line:

a. Enter: the vaypoint of interest
b. Press: CONT
c. Go to Step 8

4 6. When "INPUT LAT IN DEGREES. MIN, SIC" appears on the display line:

a. Enter: Latitude of position of interest (Degrees, Minutes, Seconds).
The program assme North latitude

b. Press: COW!

7. When "INPUT LON IN DEGRES, HIN, SEC" appears on the display line:

a. Enter: Longitude of position of interest (Degrees, Minutes, Seconds).
The program assumes East longitude

b. Press: CONT
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8. heprogram calculate* and print# the following parameters:

a. Predicted time differences. (if a vaypoint is selected, surveyed
Thu are also listed.)

b. Ranges .nd bearings to transmitters
c. GDOPs for the three TD and each of the two TD combinations.

9. The program function is complete. The program menu is printed on the CRT.
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Function: Calculate Iftypaint

Read(W(*), X(*) Y(*, Z(*, Rl(*) R2(*)# U*() $M9 Nl )
Read alt(W(*). I()s Y(*)& z(* u$(*, N1, 76)
Stat mat(W), X(*) Y(*, Z(*) Stat(*) Cov(*), NIt().3)
Reg(Stat(*, Cov(*), SIM*, Rone(*) 0 *at(*))
Print(Stat(*) 0 set(*), Cov(*), Rone(W), 3I, 1)
Way(Sl(*), 92(*), Rone(*, Rtvo(*), NI, 32, Wp(*))
Uprint(Wp(*)

This program function computes estimated vaypoint tims differences, estimated
rms error, and lop crossing angles. The function also calculates and prints
statistics and regression parameters for each of the survey tracklines.

Parameters:

Read - Type of data file

WO*), X(*), Y(*), Z(*) - TD data arrays
Rl(*), R2(* - Range data arrays

U()- Time array
N1 - Number of samples for first data file
N2 - Number of samples for second data file
Stat(*, Cov(*, 0_set(*) - Statistics arrays
SIM*, Rone(* - Statistics summary arrays for first data file
S20*), Rtvo(* - Statistics summary arrays for second data file
Wp(* - Sumry of vaypoint calculations

User Instructions:

Prerequisite functions: None required

1. Press [21. The menu is-cleared and "CALCULATE WAYPOINT" is printed on the
CRT.

2.* When "DATA FILE TYPE? TD&RANGE 1 OR TD ONLY 2 ?" appears on the display
line:

a. If the trackline data files contain both TD and range arrays (i.e.
post Delaware data or reformatted Delaware data)

(1) Enter: I
b. (2) Press: CONT
b.If the trackline data files contain only TD arrays (e.g. Delaware River

data):
(1) Enter: 2
(2) Press: CONT

3. When "FILE NAME" appears on the display line:

A-27



a. Enter: file name of one of the survey tracklines
b. Press: CONT

The file name is printed on the hard copy printer. Statistics and
regression parameters are calculated for the file data and the results are
printed on the hard copy printer.

4. When "FILE MKS" reappears on the display line:

a. Enter: File new of the other survey trackline
b. Press: CONT

The file name is printed on the hard copy printer. Statistics and
regression parameters are calculated for the file data and the results are
printed on the hard copy printer.

5. The intersection of each pair of regression lines is calculated along
with the crossing angles and estimated rus error of each solution. The
results are printed in tabular form on the hard copy printer.

6. The function is complete.

i-
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Function: Daisy chain

Special Function Key: K22

Subprograms:

Cart coord Unmit(*). Vpt(25,7), Vpt(25,S). Zxmit(*-))
PRb(Vpt(kw,5), Vpt(Rw,6), Zzmit(I,l), Zxmit(I,2), Bear (1), Rang. M)
G mat (Power(*), V, lange(*, Beer(*). Zp(*), Aa(*)), G1230*), G12(*),

G23(*) G13*)
Wp2 (Wpt(*), Conf, Rw, Tpp(*) Pair, Zpp(*), G12(*). G23(*) GUM(*, G(*),

Vpf2 (Upt(*), Conf, Pair, Iw. Tqq(*))
1.hgt (Zzm(*), Zpp(*). Tpp(*), Tqq(*), GM', Zq(*), V)
Wp3 (Wpt(*), Conf, Rv, Tp(*, Zpp(*). LO)
Yehg (Zxmit(*). Zpp(*), Tp(*, Tq(*, G123(*), Zq(*). V)
Rotate. (Gart, Glon, R(*))
Cart (Plot, Plowi, X, Y)
Fist (Lat, F)
Pseudo (Glat, Glon, Rk, Plat, Plo~n)

This program function calculates the position of a vaypoint based on the
difference inTDe between it and a neighboring waypoint. The Flat Earth
Hyperbolic Grid (PUNG) is used to calculate position coordinates.
Differential xy coordinates, differential latitude and longitude, and range
and bearing between vaypoints is also calculated. The user has the option of
insert ing the calculated xy coordinates (and latitude longitude) into the
waypoint table, Wpt(*). Note: This function does not restore the new
waypoint table in magnetic tape. If this is desired, function K23 must be
used.

Function variables:

Cl - Status variable which indicates if chain data has been read into

Fl-Status variable which indicates if the vaypoint table has been
read into memory

Chain$ - Chain file
Xmit(*, Power(*), 8mis(* - Chain variables; geodetic coordinates, power

levels, and emission delays
Conf -Chain configuration
CO* First four characters of Chain$
Wpt(*) - Waypoint table
Zxmit(*) - Transmitter xy coordinates referenced to local origin (three

TD case)
Rw - Reference waypoint (start)
Iw - Vaypoint of interest (stop)
Bear(*, Range(* - Bearings and ranges to transmitters
Zpp(*), Zp(* - Reference waypoint position
V - Velocity of propagation
Asa(*), G123(*). G12(*), GUM(*, G23(*) - gradient matrices
Zxm(*) - Transmitter xy coordinates referenced to local origin

(two TD case)
So - Indicates two or three TD solution of 1110
Tpp(*), Tp(*) - Two and three TD vaypoints (start)
Tqq(*), Tq(* - Two and three TD waypoints (stop)
Pair -TD pair (two TD case)
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G(*) - Gradient matrix associated with TD pair (Pair)
L4 - Lops e.q. "XYZ," IXY," "1Z," etc.
Zq(*) - Vaypoint of interest Re y position
Zxz(*) - Dummy position array
Dx, Dy - Difference in xy position of vaypoints
Diet. Don - Difference in latitude, longitude of vaypoints
Lete Lon - Computed latitude, longitude of waypoint
A - Angle between waypoints
R - Range between wayopints

User Instructions:

Prerequisite functions: assumes a waypoint file has been created and it
contains TDs for the two waypoints and an xy positions for the reference
waypoint.

1. Press X22. The program menu is cleared and "DAISY CHAIN" appears on the
CRT in inverse video.

2. If "CHAIN FILE?" appears in the display line:

(1) Enter: Five character chain file (e.g. NKUS2. GTLKl, etc.)
Insure that the tape cartridge containing the file is in the
right hand tape drive.

(2) Press: CONT

3. If 'VP FILE?" appears in the display area:

a. Enter: Waypoint file name. Insure that the tape cartridge containing
the waypoint file is in the right hand tape drive.

Press: CONT

4. When "INPUT START WAYPOINT NO." appears in the display area:

a. Enter: Start or reference waypoint
I be Press: CONT

5. When "END WAYPOINT" appears in the display area:

a. Enter: Waypoint of interest
b. Press: COlT

6. When "TWO OR THREE TD SOLUTION. 2 OR 3" appears in the display area:

a. If a three TD solution is desired:
(1) Enter: 3
(2) Press: CONT
(3) Go to Step 8

A-30

' . .. . ,.'i '. ., ...



b. If a two TD solution is desired
(1) Inter: 2
(2) Press: COUT

7. When "IPUT TD PAIX; ZIY, 1Z2, XY3" appears in the display areas
(The choice of TD pairs depends on the chain configuration. e.g. if Coal - 2,
the choices are WI, WY, IT)

a. Inter: Number corresponding to TD pair desired
b. Press: COST

8. A table is printed on the hard copy printer which contains the following

information:

av the chain and lops used to calculate the waypoint position
b.. the number of the waypoint used as the origin of the local grid
c. the two waypoints numbers
d. the differential xy positions and differential latitude, longitude
e. the angle and range between waypoints
f. the projected waypoint position coordinates based on the waypoint TDs
g. the current values of the waypoint position coordinates

9. When "CHANGE POSITION AND LAT/LOR OR WAIPOINT OF INTMMST? Y OR I"
appears on the display line:

a. If you want to change the values
* (1) Inter: Y

(2) Press: CONT. Note: the values will be changes in the waypoint
table, but not on magnetic tape. Function K23 must be used to
restore the table on tape.

(3) NA&YPOINT TABLE CHANGED" is printed on the hard copy printer.

10. The program function is complete. The CRT is cleared and the program
m enu is printed.
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Function: TD MOVE

Special Function Key: [24

Subprograms:

Cart coord (Xit(*), Wpt(25,7), Wpt(25,8), Z-it(*))
Rb (Zp(l), Zp(2), Zxmit(I,l) Zxmit(I,2), Bear(I), Range(I))
Rotate (Glat, Glon, R(*))
Cart (Plat, Plon, X, Y)
FlGlat (Lat, F)
Pseudo (Glat, Glon, R(*))

This program function calculates the change in TD from a waypoint to a
position offset from the waypoint. This offset in waypoint position and TD
may be applied to the waypoint table. The change in TDs is calculated based
on the change in distances to the transmitters.

Function Variables:

Cl - Status variable which indicates if chain data has been read into
memory

Fl - Status variable which indicates if the waypoint table has been
read into memory

Chain$ - Chain file, e.g. NEUS1, GTIX2, etc.

Ch$ First four characters of Chain$
Conf -Chain configuration. fifth character of Chain$, I a ]MZ, 2 = Me

3 - WZ, 4 - WYZ

Xmit(*), Power(*), Eais(*) - Transmitter data: geodetic position, power
level, emission delay

Wpt(*) - Waypoint table
Wp - Waypoint of interest
Move - Indicates if change in position is to be input as dx, dy or

range/bearing
Dx, Dy - Offset in x and y direction from waypoint
R, B - Range and bearing of offset position from waypoint
Zp(*) - Waypoint position and offset position
Zxmit(*) - xy coordinates of transmitters relative to local origin
Bear(*), Range(*) - Ranges and bearings to transmitters
T(*) - Variable to store intermediate calculations and TD offsets
File$ - Waypoint file name
Cor$ - Input variable which indicates if the offset is to be applied as a

correction to the waypoint TD in the waypoint table

User Instructions:

Prerequisite function: none. It is assumed that a waypoint file exists.

1. Press [24. The program menu is cleared and "MOVE: CALCULATES
Tdq - Tdp_ h(Zq)-h(.p)" appears on the CRT.

2. If "CHAIN FILE?" appears on the display line:

(1) Insure tape containing chain file is in right hand tape drive
(2) Enter: Chain file (e.g. NEUS2, GTLKl)
(3) Press: CONT
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3. If "WAYPOIT FILE?" appears on the display line:

a. Insure the tape cartridge containing the waypoint file is in the right
hand tape drive.

b. Enter: Waypoint file name
c. Press: CONT

4. When "WAYPOINT?" appears on the display line:

a. Enter: Waypoint of interest
b. Press: CONT

5. When "Dx/Dy 1 OR RANGE/BEARING 2, 1 OR 2" appears on the display line:

a. If the offset is to be applied in x and y components:
(I) Enter: 1
(2) Press: CONT
(3) Go to Step 6

b. If the offset is to be applied as a range and bearing from the
vaypoint:

(I) Enter: 2
(2) Press: CONT
(3) Go to Step 8

6. When "INPUT DX (KM)" appears on the display line:

a. Enter: x direction component of the offset in KM
b. Press: CONT

7. When "INPUT DY (K)" appears on the display line:

a. Enter: y direction component of the offset in KM
b. Press: CONT
c. Go to Step 9

8. When "RANGE (KM) AND BEARING (DEG)" appears on the display line:

a. Enter: The range in KM and the bearing in degrees separated
by a comma

b. Press: CONT

9. The effect of offsetting the waypoint on the TDs corresponding to the

chain configuration will be printed on the hard copy printer.

10. When "APPLY CORRECTION TO WP? Y OR N" appears on the display line:

a. If you want to change the waypoint parameters to the offset position:
(1) Enter: Y
(2) Press: CONT. (Note: This step does not change the waypoint

data stored on magnetic tape. See K23.)
(3) "WAYPOINT TD AND POSITION CORRECTED" is printed on the hard

copy printer.
b. If not:

(1) Enter: N
(2) Press: CONT
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11. The program function is complete. The CiT is cleared and the program
menu reprinted.

A-34



Function: Link Data Files
Special FunctionKey: K25

Subprograms:

Link (W(*), X(*). Y(*), Z(*). Rl(*), R2(*), U(*), N, F$)
Store (W(*), X(*), Y(*), Z(*), Rl(*). R2(*). U(*). N. F$)

This program function enables multiple data files to be loaded into memory.
Range and TD data can be corrected for each file entered. The total number of
samples must be equal to or less than 400. The function will automatically
ignore any samples which would cause this limit to be exceeded.

Function Variables:

W(*) x(*). Y(*), Z(*) - TD data arrays
Rl(*), R2(*) - Miniranger data arrays
U$(*) - Time (Julian day:hours:min:sec) data array
N - Total number of samples
F$ - Final file name

User Instructions:

Prerequisite functions: none

1. Press K25. The program menu is cleared and "LINK DATA FILES" is printed
on the CRT.

2. When "DATA FILE TYPE? TD & RANGEI OR TD ONLY2" appears on the display
line:

a. If the data file contains both TD and range data arrays (e.g. post
Delaware data or reformatted Delaware data):

(1) Enter: 1
(2) Press: CONT

b. If the data file contains only TD arrays (e.g. Delaware and pre-

Delaware data):
(1) Enter: 2
(2) Press: CONT

3. When "FIRST FILE NAME?" appears on the display line:

a. Enter: File name
b. Press: CONT

4. When "CORRECT TD DATA?" appears on the display line:

a. If TD data is to be corrected:
(1) Enter: Y
(2) Press: CONT

b. If not
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(1) Enter: N
(2) Press: CONT
(3) Go to Step 11

5. The start and stop time for the data collected on the current data file
are printed on the hard copy printer. When "CORRECTION TO TIW(MICROSIC)? °

appears on the display line:

a. Enter: Correction to TDW in microsec.
b. Press: CONT

6. When "CORRECTION TO TDX(KICROSEC)?" appears on the display line:

a. Enter: Correction to TDX in microsec.
b. Press: CONT

7. When "CORRECTION TO TDY(MICROSEC)?" appears on the display line:

a. Enter: Correction to TDY in microsec.
b. Press: CONT

8. When "CORRECTION TO TDZ(MICROSEC)?" appears on the display line:

a. Enter: Correction to TDZ in microsec.
b. Press: CONT

The file name is annotated with a "t" and the corrections entered are printed
on the hard copy printer.

9. A list of the files linked and total number of samples is printed on the
CRT. When "ANOTHER FILE?" appears on the display line:

a. If another data file is to be entered:
(1) Enter: Y
(2) Press: CONT

b. If not
(1) Enter: N
(2) Press: CONT
(3) Go to Step 13

10. When "FILE NAME?" appears on the display line:

a. Enter: file name
b. Press: CONT
c. Go to Step 3

11. A final list of the files linked and total number of samples is printed
on the hard copy printer. When "STORE DATA SET?" appears on the display line:

a. If you want to store the data on a new file
(1) Enter: Y
(2) Press: CONT
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b. If not
(1) Enter: N
(2) Press: COST
(3) Go to Step 15

12. When "FILE MANE?" appears on the display line

a. Insert a tape cartridge in the left hand tape drive.
b. Enter: file name
c. Press: CONT

13. If the data is not stored on tape, the file name will be the list of
files linked. If the data was stored, the file name returned is the name used
to store the data.

14. The program function is complete. The CRT is cleared and the program
menu reprinted.
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Function: Measured-Projected TDo

Special Function Key: K27

Subprograms:

Cart coord(Zait(*). Wpt(25,7) Wpt(25,8) Zzmit(*))
Project (W, wpt(*), W(*), x(*), Y(*), Z(*), Zx(*), Zy(*), Conf, Zxait(*),

N, V)
Rotate (Glat, Glon, R(*))
Cart (Plat, Plon, X, Y)
FNGlat (Let, F)
Pseudo (Glat, Glon, R(*), Plat, Plon)
Rb (xl, yl, x2, y2, B, R)

This program function calculates the statistics of the difference between the
TDa measured and TD projected from the waypoint based on the xy position
calculated from the measured Th). The result is a measure of the three TD fix
triangle. The function can be used to estimate the third TD of a waypoint if
two are known.

Function variables:

Cl - status variable which indicates if chain data is in memory
Fl- status variable which indicates if the waypoint table is in memory
Chain$ - chain file name
Ch - first four characters if Chain$
Conf - chain configuration, fifth character in Chain$
Xmit(*), Power(*), Emis(*) - transmitting station parameters: geodetic

position, power level and emission delay

Wpt(*) - waypoint table
File$ - waypoint file name
Zxmit(*) - transmitter xy coordinates referenced to local origin
W - waypoint of interest
W(*), X(*), Y(*), Z(*) - TD data arrays
Pos x(*), Posy *) - measurement position coordinates calculated from
MTniranger data

N - Number of samples
V - Velocity of propagation
F 1- data file name

User Instructions:

Prerequisite functions:

KO - Read Data
K16 - Edit Data (Optional)
K17 - Calculate XY Position from TD Data

1. Press K27. The CRT is cleared and "MEASURED-PROJECTED TDs" is printed on

the CRT.

2. If "CHAIN FILE?" appears on the display line:

(1) Enter: Chain file name
(2) Press: CONT
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3. If "VAYPOINT FILE RANK?" appears on the display line:

a. Enter: waypoint file name
b. Press: CONT

4. When "VAYPOINT 11M WRICH Tb. ARE TO BE PROJECTED?" appears on the display
line:

a. Enter: vaypoint number
b. Press: CON?

5. The data file name is annotated with a " ."RESULTS OF CALCULATING
MEASURED TDS - PROJECTED TDS FROM WAYPOINT(W); FILE - (1*)"* is printed on the
hard copy printer followed by the statistics table generated by function K.2.

6. The program function is complete. The CIT is cleared and the program menu
is reprinted on the CRT.

Note: The data contained in the TD arrays (W(*), X(*). Y(*), Z(*)) has been
changed.
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Function: Simulate Waypoint Survey

Special Function Key: K28

Subprograms:

Bear(Wpt(WP-l,7), Wpt(Wp-l,8) Wpt(Vp,7), Wpt(Wp.8), Ca)
Data(W(*), X(*), Y(*), Z(*), N, Ca, Do, De, Sigma, Xmit(*), Zp(*),
V, Conf)

Stat mat(W(*), X(*), Y(*), Z(*),. Stat(*), Cov(*). Oset(*), N)
Reg(Stat(*), Cov(*), Sl(*), Rone(*). 0 set(*))
Print(Stat(*), 0 set(*), Cov(*), Rone(*), N, 1)
Way(Sl(*), S2(*), Rone(*), Rtwo(*). N. N, Wp(*))
Wprint(Wp(*))
Range (P1, P2, P3. P4, R)

This program simulates the survey of a waypoint using the intersection of
visual ranges technique. Two TD data sets are generated along the tracklines
defining a waypoint. Input variables are the waypoint of interest, the
starting and stopping points of the survey lines, and the expected standard
deviation of the TDs. The program function processes the data as if it were
field data. Statistics and regression parameter tables are printed on the
hard copy printer for each data set along with the waypoint table. The "true"
TD values for the waypoint are zero. The tabulated waypoint value is the
error in estimating the waypoint.

Function variables:

Cl - Indicates if Loran-C chain data has been read in memory
Chain$ - Loran-C chain file. First four characters are the abbreviation

for the chain (e.g. NEUS, SEUS, GTLK, etc.) The fifth character is a
number from 1 to 4 which designates the chain configuration: 1. - YZ,
2 = WXY, 3 - WXZ, 4 - WYZ

Ch$ - Chain name. First four characters of Chain$
Conf - Chain configuration

Xmit(*). Power(*), Emis(*) - Loran-C chain parameters, i.e. geodetic
positions, power level, emission delays

F1 - Indicates if the waypoint file has been read into memory
Wpt(*) - Waypoint table
Wp - Waypoint of interest
Ca, Cb - Bearing from adjoining waypoints to waypoint of interest
Do, De - Start and stop distances from waypoint
Sigma - Noise, i.e. expected standard deviation of time differences
N - Number of samples
Zp(*) - Waypoint position (latitude, longitude)
W(*), X(*), Y(*), Z(*) - TD data arrays
Stat(*), Cov(*), 0 set(*) - Statistics arrays
Sl(*), 82(*), Rone(*), Rtwo(*) - Statistics and regression summary arrays
V - Velocity of propagation
Wp(*) - Calculated waypoint table
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User Instructions:

Prerequisite functions: A preliminary waypoint file containing estimated
latitudes and longitudes for each waypoint is required. If a Loran-C

chain other than NEUSI is being used. a Loran-C chain file is neces-
sary,

1. Press K28. The program menu is cleared and "SIMULATE WAYPOINT SURVEY"
is printed on the CRT.

2e. If "CAIN FILE?" appears on the display line:

(1) Enter: chain file name
(2) Press: CONT

3. If "WAYPOINT FILE MAKE?" appears on the display line:

a. Enter: waypoint file name
b. Press: COST

4. When "WAYPOINT OF INTEREST?" appears on the display line:

a. Enter: waypoint number
b. Press: CONT

The bearings from the adjoining waypoints to the waypoint of interest will

be calculated and the results printed on the hard copy printer.

5. When "START POINT RELATIVE TO WAYPOINT (KM)?" appears on the display
line:

a. Enter: Start point in KM. Both survey tracklines start the same
distance from the waypoint. A positive start point indicates a position
between the waypoints on the centerline. A negative start point indicates a

position on the trackline beyond the waypoint of interest.
b. Press: CONT

6. When "STOP POINT RELATIVE TO WAYPOINT (lK)" appears on the display line:

a. Enter: Stop point in KK. Both survey tracklines end the same
distance from the waypoint. A positive stop point indicates a position
between the waypoints on the centerline. A negative stop point indicates a

position on the centerline beyond the waypoint of interest.

b. Press: CONT

Start and Stop points are printed on the hard copy printer.

7. When "EXPECTED STANDARD DEVIATION OF TD (MICROSEC)" appears on the
display line:

a. Enter: expected standard deviation of TDs in .icroseconds. All TD
are assigned the same standard deviation.

b. Press: CONT
A-Id
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8. When "NUMBER OF SAMPLES PER TRACKLINE" appears on the display lines

a. Inter: number of samples. The number is the same for both survey
tracklines.

b. Press: CONT

The expected standard deviation and number of samples is printed on the hard
copy printer.

9. A data set is calculated for each trackline. The current sample being
calculated and total number of samples appears on the display line. After a
data set is complete, statistics and regression parameters are calculated
and a sumary table is printed on the hard copy printer. The sequence is
repeated for the second trackline. The vaypoint estimates, estimated rum
error, and crossing angles are calculated and the results are printed on the
hard copy printer. The "true" waypoint Ts are each zero. The values
printed in the vaypoint row are the estimation errors for the simulated
survey.

10. The program function is complete.
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TLS 1 SUBROUTINES

SUBRUTINE CALLD FROM

Read [0,21
bear [20,28
Read &It !(0,21

Ct at K17
w'ay K21,28
Dcom isr [29
Td K20
G mat K17,20,22
IC lo K2,5,18,19
Track K17
Stat mat [2,17,21,28
Range [20,28
Reg K2,17,21,28
Patct K19
Print K2,21,28
Xplot K18
Separate [3
Wpf2 [17,22
Store [3,16,25
Fehgt K17,22
Plot [4
Td2 K17
Rplot K5
Td3 K17
Delete K16
Fehg K17,22
Delete block K16
Delete-td K16
Wp2  K17,22
Cart coord K17,22,24,27Wp3 -- K17,22
b K17,22,24,27

Wprint [21,28
Wpfile K23
Link [25
Project K27
Data K28
Rotate K17,22,24,27
Pseudo K17,22,24,27

* Cart [17,22,24,27
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10 OPTION BASE I
20 DEG
30 DIM W(400),X(400),Y(400),Z(400),Ri(400),R2(400),US(400)11
40 DIM P(4),,O..set(4) ,Stat(4,4),CoyC3,6),8C(4,6),R(3,6),O0(4)
so DIM S1(4, 6),62(4,6),Wp(4,6))UWpt(2S,9)bT(3),Zd(2),F$CSOI 22)
60 DIM Xmit(42),Eris(3)Ber4)Rane(4),Td(3),Power(4),,G123(2,.3),GI222
70 DIM G13(2,2),G23(2,2),,Zxmit(42)Zp(2),A*3,2),Pos..x(400),Pos..Y(400),Tp(3I
1) ,Tq(3t1)
so DIM Zq(2,1I),Zpp(2,1),.At(400),Ct(400),Tpp(2,1),Tqq(2,1),Zqq(2,1)
90 DIM Zb(2),Rotate(3,3),Gx(4,2).PxC4,2),Axy(2,2)
100 DIM Tw(2),Zm(2) Zt(2)
£10 DIM Zxx(2,i),Zxfm(3,2),G(22)Rofl6(.3,6),Rtwdo(3,6)
120 COM A(400),J(400),C(400),D(400),.RltC400),R2t(400),Ut$(400)C141,T$[803
ISO V=.299792458/1 000338
160 FV.0033S278
280 Keyst
290 ON KEY *0 COTO KO0
300 ON KEY *2 GOTO K2
310 ON KEY *3 GOTO K(3
320 ON KEY *4 GOTO K4
330 ON KEY *S COTO KS
340 ON KEY #16 COTO K16
350 ON KEY #17 GOTO K(17
360 ON KEY *18 GOTO 1(19
370 ON KEY *19 GOTO K(19
380 ON KEY 020 COTO 1(20
390 ON KEY *21 GOTO K21
400 ON KEY #22 COTO K22
410 ON KEY 023 GOTO K(23
420 ON KEY 024 COTO K(24
430 ON KEY 025 GOTO 1(25
440 ON KEY *26 COTO K(26
450, ON KEY *27 GOTO K(27
460 ON KEY 028 GOTO K28
480 Menu:!
490 MASS STORAGE IS "iTIS"
500 PRINTER IS 16

10 PRINT PAGE
520 PRINT 0 VISUAL SURVEY: ANALYSIS I
S30 PRINT "KOiREAD TRACKLINE FILE DATA"
540 PRINT *K2:STATS AND REGRESSION 0, TD DATA"

-' 55 PRINT "K3:SEPARATE DATA INTO SUBFILESO
tS60 PRINT -K4sPLOT.TD DATA WITH REGRESSION LINE"
S 70 PRINT "KS:PLOT RESIDUALS OF TD DATA*
S 59 PRINT "K16tEDIT DATA*
S 90 PRINT "K17:CONVERT TDii TO XY AND AT/CT"
t600 PRINT "Ki8:PLOT XY DATA*
610 PRINT "Ki9iPLOT/LIST AT/CT DATA"
620 PRINT *K201PREDICT TD"
g630 PRINT "K21:CALCULATE WAYPOINTO
-640 PRINT *K22tDAISY CHAIN WAYPOINTS"
650 PRINT "K23iFILE OR READ WP DATAO
660 PRINT "K24:TD MOVE"
~670 PRINT *K25sLINK DATA FILES"
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686 PRINT MK26tBT0ORf CHAINt DATA"
69S PRINT "K27iMEASURED-PRO3ECTED TDs"
700 PRINT KI2Si SIMULATE WAYPOINT SURVEY'
720 Leopt I
730 COTO Loop
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7 40 KC~ Ft E: A )0 IDA4TA F XLEF

750 PRINT PAGE
760 PRINT 0 READ DATA FILE u
770 MASS STORAGE IS "iTl4
780 PRINTER IS 0
790 FIXED 2
840 CALL Read(W(*),X(*),Y(*),.Z(*),R1(*),R2(*),U$(*),NF$)
870 PRINT *FILE=";FS;TAB(30);*SAMPLESmU;N
880 Td-cor: I
690 Td-cor$="N"
900 INPUT "CORRECT TDs? Y or N",Td-corS
910 IF Td cor$()"YO THEN Menu
920 PRINT "START TIME-";U$(i);TAB(30)1;STOP TIliFi"IUS(N)
930 INPUT "CORRECTION TO TDW(MICROSEC)?",dcor
940 INPUT "CORRECTION TO TDX(MICROSEC)?",Xcor
950 INPUT "CORRECTION TO TDY(MICROSEC)?",Ycor
960 INPUT "CORRECTION TO TDZ(MICROSEC)?",Zcor
970 FOR I=i TO N
980 W(I)=W(I)+Wcor
990 X(I)=X(I)+Xcor
1000 YCI)=Y(I)+Ycor
1010 Z(I)=Z(I)+Zcor
1020 NEXT I
1030 PRINT IITD CORRECTIONS:.";TABC2O);,"Wcor=',Icor;TABC3S);'"Xcor-";,Xcor;-TAB(S0)
; "Ycor=",;Ycor,;TAB(6S).-,"Zcor=",;Zcor
1040 F$=F$&l"t"
1050 GOTO Menu
£060

1070
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11911O *K~ 2 . S' 3T A! R F C4R I= * *3O0N

1960 MASS STORAGE IS "tT14"
1970 PRINT PAGE
1990 PRINT STATISTICS AND REGRESSION OF TD DATA
1990 P!PINTER IS 0
2000 CALL 1ijo(W<*),NjBwLw)
2010 CALL Mi~lo(XC*),N,Bx,,Lx)
2020 CALL HJ~lo(Y(*),N,BY, Ly)
2030 CALL Hijlo(ZC*),N,Bz,Lz)
2040 CALL Stat maI(W(*)X(*)Y(*),Z(*)Stt(*),Cov*),..et(*),N)
2050 CALL. Reg(Strit(*),.Cov(*),SC*),R(*),D~setC*))
2060 PRINT "ITRACKLINE-";-FS;-TAB(20); l START TIME=";U$(1);TAB(S0);" STOP TIME=m
U$ (N)
2070 CALL Print(Stat(*),Oset(*),Cov(*),RC*),N,1)
2080 COTO Menu
2090
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2 1 0 0 K3<3: 1 a E: n itATe:T^YA INTO SLJE.rXL-r!3

2110 PRINTER IS 16
2120 PRINT PAGE
2130 PRINT " SEPARATE DATA INTO SUDFILES U

21,40 MA~S4TWJAGE IS "iTl4*
2tA-& CALL43prt(()X*O()Z*OI*o2*,U()A* (),()D*J

2160 CALL Store(A(*),B(*),'C(*),,D(*),1Rit(*),R2t(*),UtS(*),NtF$)
2161 INPUT "ANOTHER SEPARATION? Y or N',9$
2162 IF UPC$(S$1111)-*Y* THEN K3
2170 GOTO Menu
2190 i
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j~2!O 0 K 4 1i Fv L-T (:T* D>AT WXITH REQ0RESSID

2210 PRINT PAGE
2220 PRINT ' PLOT TD DATA WITH REGRESSION LINES
2230 INPUT "PLOT? WXIWY2,WZ30XY4,XZS,.YZ6*jPlot
2240 ON Plot GOTO WXUYWzXY,,XZ#YZ
2250 Ux: PRINT LINC3)
2260 CALL Plot(LwDwLxDxSC1,i).,SC2,1),W(*)X(*),R(1,)N,*TDX"t"TDWN,F$)
2270 PRINT LIN(3)
2280 GOTO Menu
2290 Wy: PRINT LINC3)
2300 CALL Plot(LwBw,Ly,SBy,S(1,2),S(2,2),W(*).,Y(*),R(1.2),N,"TDY"pTDU",F$)
2310 PRINT LIN(3)
2320 GOTO Menu
2330 Wz: PRINT LIN(3)
2340 CALL Plot(Lw,Bw,Lz,Bz,S(1,3),SC2,3),WC*) ,ZC*),R(1,3) ,NTDZ","TDWJF$)
23S0 PRINT LIN(3)
2360 GOTO Menu
2370 Xy: PRINT LINC3)
2380 CALL Plot(LxBx,Ly,.BypS(1,4),S(2,4).,X(*),Y(*),RCS.,4),N,"OTDY",OTDX",F$)
2390 PRiNT LIN(3)
2400 GOTO Menu
2410 Xz: PRINT LINC3)
2420 CALL Plot(LxBx,Lz,BzS(i,S),SC2,S),X(*),Z(*),R(iS),Np"TDZ","TDXN,F$)
2430 PRINT LIN(3)
2440 GOTO Menu
24S0 Yz: PRINT LIN(3)
2460 CALL Plot(Ly,Dy,LzDz,S(i.,6),SC2,6),Y(*),Z(*),R(1,6),N,"TDZ","TDY",FS)
2470 GOTO Menu

2500
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2 S510 K~* If5 IF I ... 0 Y i.S 10:I I~LJ -S

2S20 PRINT PAGE
2530 Hc=0
2S40 PRINT " PLOT RESIDUALS
2550 INPUT "PLOT? WX1,kJY2,LZ3,XY4,XZ5,YZ6"0Plot
2560 ON Plot GOTO Rwx,Rwy,Rwz,Rxy#Rxz,Ryz
2S70 Rwxi IF R(3,i)-2 THEN Skipi
2S80 CALL Rplot(W(*),X(*),S(*),R(*).,iN,TDUTDX1 ,F$)
2S90 PRINT LIN(3)
2600 GOTO Menu
261G SkipiiCALL Rplot(X(*),W(*),S(*),R(*),1t,,"TDU~tTDXm F$)
2620 PRINT LIN(3)
2630 GOTO Menu
2640 Rwy: IF R(3,2)=2 THEN Skip2
26S0 CALL Rplot(W(*),Y(*),S(*)R()2,N,TDU,'TDYO,F$)
2660 PRINT LIN(3)
2670 GOTO Menu
2680 Skip2:CALL Rplot(YC$),W(*),S(*),RC*),2,N,"TDW","TDY',F$)
2690 PRINT LIN(3)
2700 GOTO Menu
2710 Rwz: IF R(3p3)in2 THEN Skip3
2720 CALL Rplo CW(*),Z(*),S(*),R(*),.3,N,"TDW","TDZ",F$)
2730 PRINT LIN(3)
2740 GOTO Menu
2750 Skip3:CALL Rplot(ZC*),W(*),SC*),R(*),3,N,"TDW","TDZ",FS)
2760 PRINT LIN(3)
2770 GOTO Menu
2780 Rxy: IF R(3,4)2 THEN Skip4
2790 CALL Rplot(X(*),Y(*),S(*),R(*),4,N,TDX",TDY",F$)
2800 PRINT LIN(3)
2810 GOTO Menu
2820 Skip4:CALL Rplot(Y(*),X(*),SC*),R(*).,4,NOTDX","TDYtF$)
2830 PRINT LINC3)
2840 GOTO Menu
2850 Rxz: IF R(3,S)=2 THEN SkipS
2860 CALL Rplot(XC*),Z(*),5S(*),R(*),S,N,"TDX","ITDZ,.F$)
2870 PRINT LIN(3)
2880 GOTO Menu
2890 SkipSCALL Rplot(Z(*),X(*),S(*),R(*),S,N,"TDXNM ,"TDZN,F$)
2900 PRINT LIN(3)
2910 GOTO Menu
2920 Ryz: IF R(3,6)-n2 THEN Skip6
2930 CALL Rplot(Y(*)Z(*)S*)R(*),6,NTDY","TDZ sF$)
2940 PRINT LINC3)
2950 GOTO Menu
2960 Skip6:CALL Rplot(Z(*),Y(*),S(*),R(*),6,N,"TDY",'TDZ",V$)
2970 PRINT LIN(3)
2980 GOTO Menu
3000
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;3 02 K 1.6uI EDIT YD DIAY^

3030 MASS STORAGE I9 "tT140
3040 PRINT PAGE
3050 PRINT EDIT TD DATAu
3051 Edil-4
3060 INPUT "SINGLE LINEIDLOCK2AOR TD-CLIP3?,jEdit
3070 ON Edit GOTO SingleoDlok.,Clip.More
3080 SingleiCALL Delete(W(*),X(*),Y(*),Z(*),Ri(*),R2(*),U$(*),NF$)
3090 GOTO More
3100 BlokiCALL Deleteblok(W(*),X(*),Y(*),ZC*),R1(*),R2(*)pU$CS),NFS)
3110 GOTO More
3120 ClipCALL Deletetd(U(*),X(*),Y(*),Z(*),Ri(*),R2(*),U$(*),NF$)
3121 Morel 1
3122 INPUT "EDIT MORE DATA? (Y or N)",S$
3123 IF UPC$(SSCI 1l)-"Y" THEN Ki6
3124 INPUT NLIST DATA?NS$
3125 IF LPC(S$[1,)ilO"Y" THEN Star

*3126 FIXED 2
3127 FOR 1=1 TO N

* 3128 PRINT I;IW(I) ;X(I) ;YCI) ;Z(I) ;RI(I) ;R2(I) ;USCI)
3129 NEXT I

31540 Sa INPUT "STORE EDITED DATA? Y OR N "SS
3160 IF UPC$(S$[1,ID(>"Y" THEN Menu
3170 CALL Store(W(*),X(*),V(*),Z(*),R1C*),R2C*).,U$(*),N,F$)
3190 GOTO Menu

3210
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32) 0 K5.7: s I CONVERTr TD T0 XY

3230 PRINT PAGE
3240 PRINT CONVERT TD TO XY
3250 MASS STORAGE IS "tTISN
3260 MAT Posx=(G)
3270 MAT Pa, y=(0)
3280 MAT CtuCD)
3290 MAT Atin(0)
3300 Chain: 1
3310 IF Cl-i THEN Wp~file
3330 INPUT "CHAIN FILE?",Chain$
3340 Cl-I
3360 ASSIGN 01 TO Chain$
3370 READ *i;Xmit(*),Power(*),Emis(*)
3380 Wpfile:
3390 IF Fl-i THEN Xmit-coord
3400 INPUT "WAYPOINT FILE NAME?",FileS
3410 Fl=I
3420 ASSIGN *i TO File$
3430 READ #I;Wpt(*)
3440 Xmit coord: I
3450 CALL Cart coord(Xmit(*),Wpt(2S,7),Wpt(2S,8),Zxnit(*))
3460 Waypoint:
3470 INPUT "WAYPOINT TOpWt
3480 INPUT "WAYPOINT FROM-oWf
3490 Rangebearing:
35130 FOR I=i TO 4
35i0 CALL Rb(Wpt(Wt,5),Wpt(Ut,6),Zxmit~l,i),Zxnit(1,2) ,Deur(l),Runge(I))
3520 NEXT I
3530 G "at:
3S40 Zpii)-Wp1(W1,S)
3550 Zp(2)=Wpt(Wt,6)
3560 CALL Gjmot(Power(*),V,Ronge(*),Eear(*),Zp(*),Aa(*),G123(*),I12(),,G23CS
) ,G13(*))
3570 Configurationi
3560 PRINTER IS 0
3600 Conf=VAL(Chain$SS3)
3610 Ch$=Chain$11,41

t3630 INPUT "TWO OR THREE TD SOLUTION7",So
3640 IF So-2 THEN So2
3650 IF So=3 THEN So3

* 3660 So3: ! THREE TD SOLUTION
3670 CALL Wp3(Wpt.(*),Conf,Wt,Tp(*).,Zpp(*),L$)!UAYPOINT TD
3680 PRINT "THREE TD SOLUTION, CHAIN-";ChS;" LOPs"O;L$
3690 FOR ImI TO N
3700 CALL Td3CW(*),X(*),YCS),ZC*),I,Conf,Tq(*))

* 3710 CALL Fehg(Zxmit(*),Zpp(*),Tp(*),Tq(*),G123(*),Zq(*),V,3)
3720 Posax(I)=Zq(lI)
3730 Posji(I)=Zq(2pi)
3740 DISP I
3750 NEXT I
3760 ! CALCULATE POSITION OF FROMi WAYPOINT (Uf)
3770 CALL Wp3CWpt(*),Conf,WfTqC$),ZxxC*),L$)IJAYPOINT FROM TD
3780 CALL FehgC7xni~t(*),ZppC*),TpC*),Tq(*),G123(*),Zq(*),V,3)
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790 GOTO Ct-ct
So .S21: TWO TD SOLUTION

"Sic CALL Wp2(bpt(*),CnWtTpp(*),PoirZpp(*),G12C*),G23(*),G13(*),G(*),L$

4820 PRINT *TWO TD SOLUTION, CHAIN=wsChS;" LOP*-"iL$
4830 FOR' I-I TO N.
4840 CALL Td2(b(*),X(*),Y(*),Z(*),IConfPoirTqq(*))
5850o CALL Fehg(Zxm(*),Zpp(*),Tpp(*),Tqq(*),GC*),Zq(*),V,2)
4860 Pas x(l)-Zq~l,1I)
4870: Pe9jP(I)*ZQ'(2l1)

0 a DISP I
;890 NEXT I
;900 ! CALCULATE POSITION OF FROM WAYPOINT(W')
;910 CALL Wpf2CWpt*),Conf,Puir,Wf,Tqq(*))
;920 CALL FehgCZx(*)Zpp(*),-Tpp(*),Tqq(*),G(*),,ZqC*),V,2)
;930 !CALCULATE CROSSIRACK AND ALONGTRACK POSITIONS
;940 Ct-ctt: CALL Ct...t(Po.x*),Pos.y(*),Ct(*),At(*)Wpt(Wt,),Wpt(Wt,6),.Zq(1,s
,Zq (2,i) ,N,R ,Angl*)
950 DISP R,Angl e;960 CALL Stat mt(Posx(*)P..(),(),t*Sot )Cv*)O t*,
;970 CALL RegCStat(*),CovC*),S(*),RC*),Q~set(*))
;980 PRINTER IS 0
b990 CALL Trock(Stot(*),O.56t(*)Co()R(*)Sample,FWt,WfAngle,N)
1000 GOTO Menu
1020
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*I 4030 KA.EGs I PL-OT XV DATA

4040 PRINT PAGE.
4041 plotmia
40S0 PRINT " PLOT XY DATA
4051 INPUT "STANDARD XY PLOTI OR PLOT TO CHART SCALE2? I OR 2,.Plei
40S2 IF Plotu2 THEN Chart
4060 CALL HiloCPosx(*),N#MaxxMinx)
4070 CALL Hi..1o(PosjyC*),NMaxypMlny)
4090 CALL Xplot(1,Pos~x(*),PosjP(*),MinxMoxx,.MinyMaxypNp1pF$DCh$tL$,2) I
4090 GOTO Menu
4091 Chortt:
4092 INPUT *WAYPOINT FOR AXE6?N,Axqs
4093 Xaxes-Wpt(Axes,S)
4094 Yaxes-Wpt(Axes.6)
409S INPUT "WAYPOINT OFFSET FROM LOWER LEFT CORNER OF PLOT? XY(KM)",Xoffsoi
,Yoffset
4096 CALL XplotC1,Pos..x(*) ,Posy(*) ,Xcxes,XoffetpThxespYoffetN,1,F$,Ch$S,L

4097 GOTO Menu
4100
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41.10 Ki.lL-- I FPLOT CT*.AT DATA

4120 PRINT PAGE
4130 PRINT " PLOT/LIST ALONG TRACK CR089 TRACK DATA
4131 Opt: INPUT "PLnT 1; LIST 21 QUIT 3"0Opt
4132 IF (Opt(l) OR (Opt)3) THEN Opt
4133 ON Opt GOTO PlotListEnd
4140 Plot: CALL Hilo(Ct(*),N,Maxc,Mlnc)
41S0 CALL Hi~lo(At(*),N,.Maxoatlsna)
4160 CALL Patct(At(*),Ct(*) ,N.,MinaNoxaNincMuxc,WtU4,F$,RpipDoto)
4161 GOTO Opt
4163 List: PRINTER IS 0
4164 PRINT "FILEi '";F$
416S PRINT LIN(i))"SAMPLE';TABCiS);NALONG TRACK (K?)"TAB(34);"CROSS TRACKC
M)"jTAB(S5);"TIME (DtHsM:S)"
4166 PRINT LIMCi)
4167 FOR 1-1i TO N
4168 PRINT I;TAB(20);At(I);TABC37))Ct(l)*1000;TAB(55);U$(I)
4169 NEXT I
4170 GOTO Opt
4171 End: GOTO Menu
41860
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-40 00 K ;F2 3R E >X CT T D

4210 PRINT PAGE
4220 PRINT " TD PREDICTION
4230 MASS STORAGE IS sTlSO
4240 PRINTER IS 0
4250 FIXED 3
4260 IF Clai THEN Wpfils
4280 INPUT "CHAIN FILE?"oChain$
4290 Cl-i
4310 ASSIGN 01 TO Chain$
4320 READ *i;Xmit(*),Power(*),Emis(*)
4330 blpfile: INPUT "IS POINT OF INTEREST ON WAYPOINT FILE? Y OR N*,P$
4340 IFPS="N" THEN Input
43S0 IF Fli THEN Jump
4360 INPUT "1WP FILE NAtIE?",File$
4370 Fli
4380 ASSIGN *1 TO File$
4390 READ #i;Wpt(*)
4400 Jump: INPUT "WAYPOINT NO.?,)Wn
4410 Lrat=ipt(Wn,.7)
4420 Lon=Wpl(Wn,8)
4430 GOTO Td
4440 Input% INPUT "1 INPUT LAT IN DEGREES,MIt4SECjD,M,6
4450 Lat=D+M/60+S/3600
4460 INPUT "INPUT LON IN DEGREES,MINOSEC",D,MO,
4470 Lon=-(D+M/60+S/3600)
4480 Td% FOR Izi TO 4
4490 CALL Runge(Lut,LonXmijt(I,l))XmitCI,2),Runge(I))
4500 CALL Beor(Lnt,Lon,Xmi (l,i),Xeqit(1,2),Bear(I))
4510 NEXT I
4520 CALL Td(Rcinge(*),V,Emis(*),Td(*))
4530 CALL G-mot(Power(*),V,Ronge(*),Bear(*),Zp(*),Aa(*),G123(*),G12C*),G23(*I
) C13(*))
4540 Gdop: I
4550 Gdopi2-(G12(i,l)A,2+GI2Ci,2)A2+G12(2,l)A2+Gi2C2,2)A2)A 5
4S60 Gdop23-(GI3(101)h2+GI3(1..2)A2+G23(2,i)^2+G23(2,2)A2)A .5
4S60 Gdopi3-(G23(ltil)A2+G23(1,2)A2+G23C2,l)A2+G23C2,02)A2)A ,5
4580 Gdopi23=(Gi23(l ,1i)42+Gi23(l 2)A2.Gi23(1,3)A2+G'123(2,,i) £2+Gi23(2,2) A2+Gi

4590 FIXED 4
4610 ChS=ChainS11,41
4620 PRINT "CHAIN=";Ch$
4630 PRINT "LAT-"'-Lat ;TABI4(1); LON- ;-Lon

*4640 FIXED 3
4660 Conf=YALCChain$CS,51)
4670 ON Conf GOTO Txyz,Twxy,.Twxz,Twyz

*4680 Txyz:PRINT "PREDICTED: TDX-N;Td(l)ITAB(35);OTDY=N;Td(2)ITAB(5S);UTDZ-m;Td(3

* 4690 IF P$-T MN* THEN 4710
* 4700 PRINT "SURVEYEDi TDX=";Wpt(Wn,2TAB35)"TDY-NWpt(Wn,3)TAI(S);"TDZ

-";Wp1(Wn,4)
4710 PRINT TAI(20);NRANGE(KM)N;TABC4O)j"DEARING(DEG)"
4720 PRINT "MASTER";TAB(20);Rangec4) TABC4O)lBe (4)

* 4730 PRINT NX-RAY";TAB(20);,Runge(i)ITA(40);BeoLr(j.)

A-58



4740 PRINT NYANKEEm ;TAD(20);Range(2);TADC40);Beor(2)
47S0 PRINT "ZULU;ITA9(20);RangeC3);TAD(40);DearC3)
4760 PRINT TA9(22);iNXYZ;TA(37)*XYO;TAD(S2))uXZ*;TAB(67)JNYZO
4770 PRINT OGDOPCM/NANOSEC)';TA3C20);Gdop123;TAD(3S);Gdop12;TAB(SO);Gdspl3;TA
3(65) ;Gdop23
4780 GOTO Menu
4790 TwxyiPRINT OPREDICTEDi TDW-;Td(i);TAB(3S);'TDX-O;Td(2))TAB(55))"TDY-N;Td(3

4800 IF P$-"N THEN 4920
4910 PRINT '"SURVEYEDs TDW-i;p(n,1I)tTAB(3S);TDX=iUpt(fl2)LTA3(S5SITDY
-m ;Upt (Wn,3)
4820 PRINT TAF(20);*RANGE(KM)';TAB(40);"DEARING(DEG)*
4830 PRINT "MASTERM ;TAB(20);Range(4);TAB(40);Beor(4)
4840 PRINT "WHISKEYO;TAB(20);Range(1);TAB(40);Bear~l)
49S0 PRINT NXRAY';TAB(20);Range(2);TAFS(4083Bear(2)
4660 PRINT "YANKEEN;TAB(20);Runge(3);TABC40);Beur(3)
4870 PRINT TAB(22);'WXY";TABC37);"WX";TAB(S2);-"Y"TAB(67)IM XY"
4880 PRINT "GDOP(M/NANOSEC)";TAB(20);,Gdopi23;TAB(35);Gdopi2;TAB(SO);GdopilT
AIB(6S) ;Gdop23
4890 GOTO Menu
4900 Twxz:PRINT "PREDICTED: TDU=";TdC1);,TAB(3S);-TDX=nM ;Td(2);TAD(SS);"TDZ-N;Td(3

4910 IF P$="N" THEN 4930
4920 PRINT "SURVEYED: TDW=r';pt(n,i);TAB(3)"TDX;blpt(Wn,2);TADCSS);"TDZ

4930 PRINT TAE(20);"RANGE(KM)";TA3(40);"BEARING(DEG)"
4940 PRINT "MASTER"ITAI4(20);Ranqe(4);pTAB(40);IBear(4)
49S0 PRINT "WHISKEYN;TAB(20);Ronge(1);TAB(40);Bear(1)
4960 PRINT "XRAY";TAB(20);RonqeC2);TAB(40);DeurC2)
4970 PRINT NZULUN;TAB(20);Range(3);TAB(40);Beor(3)
4980 PRINT TAB(22);"WX7.";TABC37);"WX";TABCS2)$-"WZ";TABC67);"*XZ"
4990 PRINT "GDOP(M/NANOSEC)";TAB(20);Gdopi23;TAB(3S);Gdop12;TAB(S0);Gdopi3;T
AB(6S) ;Gdop23
5000 GOTO Menu
Sol0 Twyz:PRINT "PREDICTED: TDW=";Td(1);TAB(35);"TDY=";Td(2);TAB(SS);"TDZ=';Td(3

S020 IF P$="N"l THEN S040
S030 PRINT "SURVEYED: TDb=";Wp(Wn,i);TAB(3S);"TDY-";Wpt(Wn,3);TAB(5S);"TDZ

i";Wpt (Wn,4)

Soso PRINT 'MASTER";TAB(20);,Range(4);TABC4O);Beur(4)

S070 PRINT "YANKEE";TABC2O);Range(2);TAB4);EBearC2)
Soso PRINT "ZULU".;,TAB(20);Ranqe(3);TAB(40);Beur(3)

S09 PRINT TA14C22);"WYZ";TAI(37);"WY';TAB(S2);-"LJZ";TAB(67);"YZ"
sioo PRINT "GDOP(M/NANOSEC)";TAB(20);Gdop123;TAB(3S);Gdop12;TARCS0);Gdop13;T
A(S;rdop23

sil GOTO Menu
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IF. .4 ) K 0 1. uCAL-.JL-.^*rp WAVPC)CNT

5150 PRINTER IS 16
5160. PRINT PAGE
517 PRINT mCALCULATE WAYPOINT
51830 MASS STORAGE IS "ITI4N
5190 PRINTER- IS 0-EODAAFL
5200 iTYPEODAAFL
5210 Readli
5220 INPUT "DATA FILE TYPE? TD&RANGEI OR TD ONLY2",Read
5230 IF (Readoi) AND (Reado2) THEN 5220
S240 READ FIRST DATA FILE AND CALCULATE STATS
5250 ON Read GOTO 5260,5280
5260 CALL Read(W(*),X(*),Y(*),ZC*),Ri(*),R2(*),U$(*),NipFS)
5270 COTO 5290
5280 CALL Readc11t(W(*),X(*),Y(*),Z(*),U$(*),N1,F$)
5290 PRINT "TRACKLINE ONE=',FS
5300 CALLStttW()X)Y()Z)St(),o()O.S(*NI
5310 CALL Req(Stat(*),Cov(*),S1(*),Rone(* 0.set(*))
5320 CALL Print(StatC*) D~set(*),Coy(*),Rone(*),Ni,t)
5330 1READ SECOND DATA FILE AND CALCULATE STATS
5340 ON Read COTO 5350)5370
5350 CALL Reud(W(*),X(*),Y(*),Z(*),Ri(*),R2(*),U$(*),N2,F$)
5360 GOTO 5380
5370 CALL Reodjili(W(*),X(*),Y(*),Z(*),US(*),N2,F$)
5380 PRINT "TRACKLINE TWO=",F$
5390 CALL Stot.nuat(W(*),X(*),Y(*),Z(*),Stat(*),Cov(*),0se?(*),N2)
S400 CALL Req(Stot(*),Coy(*),S2(*),Rtwo(*),OsetC*))
5410 CALL Print(Stut(*),O~setC*),Cov(*),Rtwo(*),N2,1)
5420 CALCULATE INTERSECTION OF REGRESSION LINES
5430 CALL Woy(S1(*),52(*),Rone(*),Rtwo(*),NI,N2,Wp(*))
5440 CALL Wprint(Wp(*))
5450 COTO Menu

5460
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S470 1<2 I1AI3Y CHAIN

5480 PRINT PAGE
S490 PRINT * DAISY CHAIN
5500 PRINTER IS 0
5510 MASS STORAGE IS f:TISO
S520 I INPUT CHAIN DATA
5530 IF Ci-i THEN 5610
5550 INPUT NCHAIN FILE?",'Chain$
S5bU Ci~i.
5580 ASSIGN #i TO Chain$
5590 READ *t;Xnit(*),Power(*),Emis(*)
5610 -CornfiJAL(Chail$(S.,53)
S620 Chs-Chain$l1,4I
5630 i INPUT WAYPOINT FILE DATA
5640 IF FlI-1 THEN S690
5650 INPUT "WP FILE?O,File$
S660 Fi11
5670 ASSIGN *i TO File$
5680 READ *i;Wpt(*)
S690 i CALCULATE XY COORDINATES OF TRANSMITTERS
5700 CALL Cart coord(Xeiit(*),Wpt(25,7),Wpt(2S,8),ZxMtii(*))
5710 1INPUT START AND STOP WAYPOINTS
5720 INPUT "START WAYPOINT NO.?",Rw
5730 INPUT "END WAYPOINT ?",Iw
5740 CALCULATE C-MATRICES FOR Rw
57 50 FOR I-i TO 4
5760 CALL Rb(Wpt(Rw,S),Upt(Rw,6),Zxmit(I,i),Zx~it(I,2),BearCI),Ronge(I))
5770 NEXT I
5780 Zp(i)=Wp1(Rw,S)
5790 Zp(2)=Wpi(Rw,6)
500 CALL G-iai(Power(*),V,Rne(*),Bear(*),Zp(*),Aa(*),G123(*),G12(*),G23(*)
,Gi3(*))
5810 INPUT TWO OR THREE TD SOLUTION
5620 INPUT "TWO OR THREE TD SOLUTION? 2 OR 3",So
5830 IF (So(2) OR (So)3) THEN S820
5840 IF So=2 THEN Ctwo
Sos0 IF So=3 THEN Cthree
5860 ICALCULATE POSITION OF Iw
5870 Ctwot i TWO TD SOLUTION

5890 PRINT "TWO TD SOLUTION, CHAIN=N;Ch$;" LOPsm";LS
5900 CALL Wpf2(Wpt(*),ConfPoir,Iw,Tqq(*))
5910 CALL Fehg(Zxm(*),Zpp(*),Tpp(*),Tqq(*),Gcs),Zq(*),V,2)
5920 GOTO Print
5930 Cthrees t THREE TD SOLUTION
S940 CALL Wp3(Wpt(*),Conf1 R.w,Tp(*),ZppC*),L$)
5950 PR;NT "THREE TV SOIJ)TIO4, CHAIN-",Ch$;" LOPsm";L$
5960 CALL Wp3(Wpt(*),Conf,w,Tq*,Zxx(*),L$)
5970 CALL FehgCZxmlw (*) Zpp(*) ,TpC*) ,Tq(*),G123(*),Zq(*),V,3)
5900 Print:! PRINT RESULTS
.5990 DEG
&000 Dx=Zq(1,i)-Wpt(Rw,5)

*6010 Dy=ZqC2,i)-Wpt(Rw,6)

A- 61



6020 DlitwDy/(i.8S2*60)
6030 Dlon=Dx/(1.852*60*COS(Wpt(Rw,7)))
6040 Lat=WptCRw,7)+DlcGt
6050 Lon-Wpt(Rw,6)+Dlon
6060 A-ATNCDx/Dy)
6070 IF DY(0 THEN A=A+180
6080 IF A(0 THEN A=A+360
6090 R=SQR(DxA2+DY42)
6100 FIXED 0
6110 PRINT "LOCAL GRID CENTERED AT UP")25
6120 PRINT " WAYPOINT";Iw;"REFERENCED TO";Rw
6130 FIXED 3
6140 PRINT TAB(i0);"Dx=";Dx,"Dy-";Dy;TAB40);"DIatm";DlatpDonm";Dlon
6150 PRINT TAB(iO);"ANGLE-";Aow RANGE=";R;-"KM(";R/1.B2;"NM,f;R/.9144;"KYD,
9)l,
b160 PRINT TAF4(1D) ;"X=";Zq(i,1)OY"O;Zq(2,1) ;TAB(40);LAT;Lot,"LON=;Lon
6170 PRINT "CURRENT CO-ORDINATESt"
6180 PRINT TAB(i0);"X=";Wpt(Iw,5),"Y=";Wpt(Iw,6);TAB(4b);OLAT"O;Wpt(Iw,7),UL
ON=O;Wpt(lw,8S)
6t90 INPUT "CHANGE POSITION AND LAT/LON OF W~AYPOINT OF INTEREST? Y OR N-OCh$
6200 IF Ch$4O"Y" THEN 6260
6210 Wpt(Iw,5)=Zq(1i,i)
6220 Wpt(Iw,6)=Zq(2,i)
6230 Wpt(Iw,7)=Lat
6240 Wpt(Iw,8)=Lon
6250 PRINT "WAYPOINT TABLE CHANGED*

*6260 COTO Menu
6270
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4. -2 B K2 7. 1WAYP~o:N7* 2I.

6290 PRINT PAGE
6300 PRINT " FILE WAYPOINT DATA
6310 MASS STORAGE IS ":TiS*
6320 CALL bpfile(Wpl(*),FIFileS)
6330 GOTO Menu
6350 1
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0M G K24 t I 11D MOVE

6370 PRINT PAGE
6380 PRINT " MOVEi CALCULATES Tdq-Tdp+h(Zq)-h(Zp)
6390 PRINTER IS 0
6400 MASS STORAGE IS "sTIS"
6410 FIXED 3
6420 I INPUT CHAIN DATA
6430 IF C1=i THEN 6510
6450 INPUT "CHAIN FILE?",Chain$
6460 Cl-I
6480 ASSIGN 4I TO Chain$
6490 READ #i;XMit(*),Power(*),Emis(*)
6SO Ch$=Chain$[it4]
6520 Conf=VAL(Chain$CSS3)
6S30 INPUT WAYPOINT FILE DATA
6540 IF Fi=i THEN 6590
65S0 INPUT "WAYPOINT FILE?",File$
6560 Fl=i
6570 ASSIGN 01 TO Files
6SO READ *I;Wpt(*)
6S90 ! INPUT WAYPOINT NUMBER AND OFFSET
6600 INPUT "WAYPOINT?",Wp
6610 INPUT "Dx/Dyi OR Ronge/Bearing2, i OR 2",Move
6620 IF (Moveot1.) AND (Move)2) THEN 6610
6630 ON Move GOTO X_yjRb
6640 Xy: INPUT "INPUT Dx(KM)",Dx
6650 INPUT "INPUT Dy(KM)",Dy
6660 GOTO 6700
6670 Rb: INPUT "RANGE(KM) AND BEARING(DEG)",RB
6680 Dx=R*SIN(B)
6690 Dy=R*COS(B)
6700 CALCULATE XY COORDINATES OF TRANSMITTERS
6710 CALL Cort.coord(XMit(*),Wpt(2S,7) Wpt(25,B),ZxMit(*))
6720 ! CALCULATE h(Zp)
6730 7p(i)=Wpt(WpS)
6740 Zp(2)=Wpt(Wp,6)
67S0 FOR I=1 TO 4
6760 CALL Rb(Zp(t),Zp(2),ZxMit(I,1),ZxMit(I,2),Ber(.I),Rcnge(I))

6770 NEXT I
6780 FOR I=1 TO 3
6790 T(I)=(Range(I)-Ranqe(4))/V
6800 NEXT I
6810 i CALCULATE Dtd=h(Zq)-h(Zp)
6820 Zp(1)-Zp()+Dx
6830 Zp(2)-Zp(2)+Dy
6840 FOR I-I TO 4
6850 CALL Rb(Zp(l)Zp(2),Zxmit(I1) ,ZxMit(I2),Bear(I),Range(I))
6860 NEXT I
6870 FOR I-I TO 3
6880 T(I)=(Ronge(I)-Ranqe(4))/V-T(1)
6890 NEXT I
6900 PkINT RESULTS AND APPLY CORRECTION TO WP(OPTIONAL)
6910 FIXED 3
6920 PRINT "AT WAYPOINTi";Wp;", A MOVE OF Dx-";Dxl"KM AND Dyn";Dv;"KM
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6930 PRINT "RESULTS IN TD GJ4ANGESCHICfiOS). OFi"
6940 ON Conf GOTO Dxyi2btDxypDwxzDwyz
69S0 DxyiPRINT TAS(S)j"Dtdx;T(1);TAB(20);"bdyT(2)TAB(4V)"Dtdzin")TC3)
69bo INPUT "APPLY CORRECTION TO WP? Y OR NU.,Cor$
6970 IF Cor*04YW THEN Menu
6980 Wpi(Wpj2)ublpt(Wp#2)frTCi)
6990 Wpt(Wp,3)-inp(Wp,3)+T(2)
7000 Wpv(Wpp4)aWpl(Wp#4)+T(3)
7010 Upt(Wp,S)-Zp(.)
7020 Wpi(Wp#6)inZp(2)
7030 PRINT "WAYPOINT TD AND POSITION CORRECTED"
7040 COTO Menu.
70S0 Dwxy:PRINT TABS);"Dtdw=";T(1);TAB(20);"Dldxm"fT(2);TA4(40))"Dtdym";T(3)
7060 INPUT "APPLY CORRECTION TO WP? Y? OR N-,Cor$
7070 IF CorS')Y" THEN Menu
7080 Wpt(Wp,l)=Wpl(Wp,l)+T(i)
7090 Wpi(Wp,2)-Wpt(Wp,2)+T(2)
7%00 tWpi(Wp,3)aWpt(Wp,,3)+T(3)
7110 Wpl(Up.,s)=Zp(1)
7120 Wpt(Wp,6)-Zp(2)
7130 PRINT "WAYPOINT TD AND POSITION CORRECTED"
7140 COTO Menu
7150 DwxztPRINT TAJ()"Dtd";T(1);TAB(?Q);'Dtdx-";T(2);TAB(40);"Dtdz",)T(3)*
7160 INPUT "APPLY CORRECTION TO WP? Y OR N1",CorS
7170 IF CorSO>"Yw THEN Menu
7180 Wpt(Wp,i)=Wpl(Wppi)+T(l)
7190 Wpt(Wp,2)-Wpt(Wp#2)+7(2)
7200 Wpt(Wp,4)=Wpt(Wp,4)+TC3)
7210 WIp(WP,S)-Zp(i)
7220 Wpt(Wp,6)=Zp(2)
7230 PRINT "&AYPOINT TD AND POSITIIlN CORRECTED"
7240 COTO Menu
72S0 Dwyz:PRINT TAB(5);"Didw";T();TAB(20);"Ddy"T(2)TAB(40);"Ddzn";T(3)
7260 INPUT "APPLY CORRECTION TO WP? Y OR N-,Cor*
7270 IF Cor$O)"Y" THEN Menu
7280 Wpt(Wp ,l)Wpt(Wp,1 )+T(1)
7290 Wpl(Wpj3)=Upt(Wp,3)+T(2)
7300 Wpt(Wp,4)=Upt(Wp,4)+T(3)
7310 hpt(UP,)=Zp(i)

* 7320 UIpt(Wp,6)-Zp(2)
7330 PRINT "WAYPOINT TD AND POSITION CORRECTED"
7340 COTO Menu
7360
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7:2 3.I K2! Sa I LIXNK D~lr^ FILES

73B0 PRINT PAGE
7390 PRINT " LINK TD DATA FILES
7400 MAT II=(0)
7410 MAT X=CO)
7420 MAT Y-(0)
7430 MAT Z=(O)
7440 FOR I-i TO 400
7450 U8
7460 NEXT I
7470 CALL LinkCL.(*)X(*),Y(*),Z(*),RiC*),,R2C*),U$(*),NF$)
7480 GOTO Menu
7481
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-749O K26: ! 3 7TORE: CHAIN DATA

i7500 MASS STORAGE IS *tTlS"
iTSIO PRINTER IS 16
7S20 PRINT PAGE
.7S30 PRINT " STORE CHAIN DATA
7540 PRINT LIN(10)
7550 PRINT "PLACE TAPE CARTRIDGE IN RIGHT HAND TAPE DRIVE"
7560 ! INPUT FILE NAME AND CHECK FOR CORRECT FORMAT
7570 INPUT "INPUT CHAIN FILE NAME*,Chuin$
7580 IF LEN(Chain$)()S THEN 7570

7590 IF (VAL(Chain$[SS]))4) OR (VAL(Chain$SS1)(i) THEN 7570
7600 Conf=VAL(ChainSS,5S)
7610 i INPUT MASTER DATA
7620 PRINT PACELIN(20)
7630 PRINT "INPUT MASTER DATA"
7640 INPUT "MASTER LATITUDE? DMS",D,.MS
7650 Xmit(4pi)=D+M/60+S/3600

7660 INPUT "MASTER LONGITUDE? DMS",DMS
7670 XMit(4o2)=-(D+M/60+S/3600)
7680 INPUT "MASTER POWER LEVEL? KW",Power(4)
7690 ! INPUI SECONDARY DATA
7700 IF Conf=t THEN Li$="TDX"
7710 IF Conf i THEN Li$="TDW"
7720 IF (Conf=2) OR (Conf=3) THEN L2$="TDX"
7730 IF (Conf=i) OR (Conf=4) THEN L2$="TDY"
7740 IF (Conf=2) OR (Conf-3) THEN L3$="TDY"
77S0 IF (Conf=l) OR (Conf=4) THEN L3$="TDZ"
7760 FOR 1=1 TO 3
7770 PRINT PAGELIN(20)
7780 IF I=t THEN PRINT "INPUT "&LIs&" DATA"
7790 IF I=2 THEN PRINT "INPUT "&L2$&" DATA"

7800 IF 1=3 THEN PRINT "INPUT "&L3$&" DATA"
7810 INPUT "LATITUDE? DMS",DMS
7820 XMit(I(,)=D+M/60+S/3600
7830 INPUT "LONGITUDE? DMS",DMS
7840 Xmit(I,2)=-(D+M/60+S/3600)
7850 INPUT "POWER LEVEL? KW",Power(I)
7860 INPUT "EMISSION DELAY?"XEmis(I)
7870 NEXT I
7880 1 PRINT DATA TABLE AND CHECK FOR ERRORS

7890 PRINT PAGE
'7900 PRINT "STATION"ITAB(iS);LAT";TAB(30);"LON"TAB(4S);"POWERu;TAB(60)I"EMIS
SION DELAY"
7910 PRINT LIN(2)
7920 1 Ld=INT(XMit(4,1))
,7930 ! Lm=INT(FRACT(Xmil(4)i))*60)
.7940 ! Ls=:FRACT(FRACT(Xmit(4,1))*60)*60
7950 PRINI LdLrmLs
7960 FIXED 4
7970 PRINT "MASTER";TAB(IS);Xit(4,1).TAB(30);Xmit(42);TAB(4S)lPower(4)
7980 PRINT Li$;TAB(IS)jXmit(1,t);TAB(30);Xmit(1,2);TAB(4S);Power(l);TAB(60);EM
is(t)
7990 PRINT L2$;TAB(iS);Xtit(2,1);TAB(30);Xmit(22)ITAB(4S)Power(2)|TAB(60);EM
is(2)
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8000 PRINT L3$ITABIi);Xei1t(3,1;TAB(3O)Xnit(3,2);TAD(4S);Power(3)sTABc6O);EA
is(3)
8010 INPUT "IS DATA CORRECT? Y OR NOIC$
8020 ! IF DATA INCORRECT REENTER
8030 IF C$"N" THEN 7610
8040 FILE DATA
80S0 CREATE Choin$l
8060 ASSIGN $1 TO Chain$
8070 PRINT #l)Xmt(*))Power(*),Emksc*)
8080 GOTO Menu
8100 !
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1. . 0) 1<.7 F F 0 F::IEC::1T TIis

8120 PRINTER IS 16
8130 MASS STORAGE IS ":TIS"
8140 PRINT PAGE
81S0 PRINT MEASURED-PROJECTED TDs
8t60 ! INPUT CHAIN DATA
8170 IF CI-i THEN 82S0
8190 INPUT "CHAIN FILE?OChain$
8200 Ci=i
8220 ASSIGN #i TO Chain$
8230 READ *i;XMit(*),power(*),EMis(*)
82S0 Conf=VAL(Choin$[SS3)
8260 Ch$=Chain$[i,4]
8270 ! INPUT WAYPOINT FILE DATA
8280 IF Fi=i THEN 8330
8290 INPUT "WAYPOINT FILE NAME?",File$
8300 Fi=
8310 ASSIGN #i TO File$
8320 READ #i;Wpt(*)
8330 ! CALCULATE XY COORDINATES OF XMITTERS
8340 CALL Cart.coord(Xit(*),Wpt(25,7),Wpt(2S,),ZxMit(*))
83S0 ! INPUT WAYPOINT OF INTEREST
8360 INPUT "WAYPOINT FROM WHERE DATA IS TO BE PROJECTED?"W
8370 ! CALCULATE REFLECTED TD ARRAYS
8380 CALL Project(WWpt(*),W(*),X(*),Y(*),Z(*),Pos_x(*) Pos..y(*),ConfZxMit(*),
N,V)
8390 CALCULATE STATS AND PRINT RESULTS
8400 PRINTER IS 0
8410 PRINT "RESULTS OF CALCULATING MEASURED TDs-PROJECTED TDs FROM WP";W;"; FIL
E=";F$

8420 FS=F$&">"
8430 PRINTER IS 16
8440 GOTO K2 CALCULATE STATS
8460
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6490 MASS STORAGE IS "iS"
8490 PRINTER IS £6
8S00 PRINT PAGE
8510 PRINT " SIMULATE WAYPOINT SURVEY
8520 i INPUT CHAIN DATA
8530 IF Ci=i THEN 8610
9550 INPUT "CHAIN FILE?",Choan$
8S60 Ci=i
8S80 ASSIGN #i TO Chain$
8590 READ #i;Xmit(*),Power(*),Emis(*)
8610 Conf=VA1-(Chnin$E%,S3)
8620 Ch$=Chain$[i,43
6630 1 INPUT WAYPOINT FILE DATA
8640 IF Fi=i THEN 8690
8650 INPUT "WAYPOINT FILE NAME?",File$
8660 Fi=1
8670 ASSIGN ti TO File$
8680 READ *i;Wpt(*)
8690 !INPUT WAYPOINT
8700 PRINTER IS 0
8710 INPUT "WAYPOINT OF INTEREST?",Wp
8720 PRINT "WAYPOINT=";Wp
8730 1 CALCULATE ANGLES TO AJOINING WAYPOINTS
8740 CALL Beor(Wpt(Wp.-i,7),Wpt(Wp-i,8),Wpt(Wp,7),Wpt(Wp,8),CQ)
8750 CALL Bear(Wpt(Wp+i,7),Wpt(Wp+i,8),Wpt(Wp,7),Wpt(Wp,8),Cb)
8760 FIXED i
8770 PRINT "COURSE LINE ONE"';Cai;TAEI(4S);"COURSE LINE TWO=";Cb
8780 IINPUT START AND STOP POINTS'
8790 INPUT "START POINT RELATIVE TO WAYPOINT(KM)-,Ds
8800 INPUT "STOP POINT RELATIVE TO WAYPOINT(KM)",De
8810 PRINT IISTART POINT="-,Ds5" KM FROM WP"iWp;-TAB(4S);-"STOP POINT=";,De;-" KM F
M WP";kip
8820 IINPUT NOISE LEVEL AND NUMBER OF SAMPLES
8830 INPUT "EXPECTED STANDARD DEVIATION OF TDS(MICROSEC)11,SiqmaI8840 INPUT "NUMBER OF SAMPLES PER TRACKLINE"-,N
8850 FIXED 3
8860 PRINT "NOISE=",,Siqma,-" MICROSEC";*TAE(4S);"SAMPLES=";N
8670 ICALCULATE AND REDUCE TRACKLINE ONE DATA
83880 Zp(i)=Wpt(Wp,7)
8890 Zp(2)=Wpt(Wp,B)
8900 CALL Duta(W(*),X(*),Y*,Z(*,N,C,D,De,Sigmo,Xmit(*),Zp(*),V,Conf)
8910 CALL Sit MtI()X()Y()Z(),t(* Cv* Oe*)N

*8920 CALL Reg(Stot(*),Coyv*),Si(*),Rone(*),O -et(*))
8930 PRINT "TRACKLINE ONEi WAYPOINT l';Wp-l1;" TO WAYPOINT ";Wp
6940 CALL Print(Stat(*),O~set(*),Cov(*) Rone(*),N,i)
8950 CALCULATE AND REDUCE TRACKLINE TWO DATA
8960 CALL Dot(W(*)X(*),Y(*),Z(*)N,Cb,D,De,SigmoXmit(*),Zp(*),V,Conf)
6970 CALL Sitto(W*,X*Y()Z()Si(*,o()Ot())
8980 CALL Reg(Stur(*),Cov(*),S2(*),Rtwo(*),O~set(*))
8990 PRINT "TRACKLINE TWO: WAYPOINT ";Wp+i;" TO WAYPOINT "';Wp
9000 CALL Print(Stot(*) ,O set (*) ,Cov(*) ,Rtwo(*) ,N,1)
9010 CALCULATE WAYPOINT
9020 CALL Way(Si(*),S2(*),Rone(*),Rtwo(*),N,N,Wp(*))
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19030 CL pitW()
!9040 GOTD Menu
i'90SO END
90sl1

A-71



9060 SUB Reg(Stat(*),Coy(*),S(*),R(*),Offset(*))
9070 OPTION BASE I
9080 DEFAULT ON
9090 S(i,1)=S(1,2)S(,3)SttC3,1)+Offset(1)
9100 S(i,4)=S(1,5)=Stt(3,2)+Offset(2)
9110 S(i,6)=Stat(3,3)+Offset(3)
9120 S(R,1)=Stat(3,?2)+Offset(2)
9130 S(2,2)=S(2,4)=Stt(3,3)+Offset(3)
9140 S(2,3)=S(2,S)=S(2,b)=Stot(3,4)+Offset (4)
9150 S(3,1)=S(3p2)=SC303)=Stot(4,1)
9160 S(3,4)=S(3,S)=Stat(4,2)
9170 S(3,6)=Sta1(403)
9180 S(4,i)=Stat(4,2)
9190 S(4,2)=S(404)=Stot(4,3)
9200 S(4,3)=S(4,5S)=S(4p6)=Stat(4,4)
9210 FOR 1=i TO 6
9220 Ind.,yar:!
9230 Iv1i
9240 D=2
92S0 IF S(4,I))S(3,4) THEN 1v=2
9260 IF S(4,1))S(3,I) THEN D=1
9270 R(3,I)1vy
9260 Slope:!
9290 R(1 ,I)=Cov(3,I)*S(D+2,I)/S(Iv+2,I)
9300 IF Iv=2 THEN R(i,I)=1/R(i,I)
9310 Residual:!
9320 C=I-Cov(3,I)A2
9330 IF C(0 THEN 9350
9340 R(2,I)=S(D+2,I)*CA.5
93SO0 NEXT I
9360 SUE4END
9370
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9390 SUB Prknt(Stht(*),O~set(*),Cov(*),R(*),SQmpleV)
9400 OPTION BASE I
9410 FOR 1=1 TO 3
9420 FOR 31 TO 6
9430 IF R(IJ))100 THEN R(I,3)=0
9440 IF Cov(3,J)>100 THEN Coy(3,J)-0
9450 NEXT .T
9460 NEXT I
9470 PRINT RPT$(N_,60)
9480 IF V-2 THEN 9630
9490 PRINT LIN(t);TAB(21);" TDW ";TAB(36),;" TDX m );TA9(S1);" TOY ";TAB(&6)-' TDI
Z a
9500 FIXED 3
9S10 PRINT LIN(i);TAB(i);'CUMULATIVE AVERAGEM ;TAB(2D);Stt(3i)+O.set(i);TAB(

9520 PRINT LIN(i);-TAB(i);'"STANDARD DEVIATION";-TAB(20);,Stcits(4,i);,TAB(3S);Stotsi,
(4,2) ;TAB(50) ;Stcits(4,3) ;TAB(bS) ;Stols(4,4)
9S30 PRINT LIN(i);,TAE'(i);-"TD, PAIR";,TAB(i7);,"WX;,TAB(27);"NWY";,TAB(37);,"WZN;TAB(
47); "XY" ;TAB(57) ; 'XZ7;TAB(67) ; "lYZi
9540 PRINT LIN(i);TAB(t);"C0RR COEF";TAB(15);Coy(3,i);TAB(25);Cov(3,2);TAB(35)
;Coy(3,3);TAB(4S);Cov(3,4);TAB(SS);Cov(3,S);TAB(65);Cov(3,6)
9s50 PRINT LIN(i);TAB(1)',SLOP'lTAB(i)R(,i),TAB(5)R(i,2);TAB(3)R(,3)

9560 PRINT LIN(i);TAB(i);'"RESIDUAL.";-TAB(iS);,R(2,i);,TAB(25);,R(2,2);,TAB(3S);-R(2,
3) ;TAB(4S) ;R(2,4) ;TAB(SS) ;R(2,S) ;TAE4(6S) ;R(2,6)
9570 STANDARD
9580 PRINT LIN(i);TAB(i);,"IND VAR';)TAB(i7),,R(3,1)-,TAI3(27);,R(3,2),-TAB(37);,R(3,3
) ;TAB(47) ;R(3,4) ;TAJP(57) ;R(3,5) ;TAB(67) ;R(3,6)
9590 PRINT LIN(i);'SAMPLES=";Samrple
9600 PRINT RPT$(--_,80)
9610 PRINT LIN(i)
9620 SUE4EXIT
9630 FIXED 3
9640 PRINT LIN(i);TAB(?i);-" Ri ";-TAB(36);-" R2 ";,TAB(Si);," X l';TAB(66);" Y

9650 PRINT LIN(i);TAE(i);"CUMULATIVE AVERAGE";-TAB(20);,Stats(3,i)+O -et(i);-TAB(

35) ;S ts(3,2)+O set (2) ;1AFI(50) ;Stats(3,3)-fl et (3) ;TA4(6S) ;Stats(3,4)+O set (4)9660 PRINT LIN(i);-TAB(i);-STANDARD DEVIATION';,TAII(20);,S n(4,1);,TAB(3)Stcits
* (4,2) ;TAB(3O) ;Stats(4,3) ;TA4(6S) ;Stats(4,4)
* 9670 PRINT RPT$("'.,8fl

9680 SUBEND
9690
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9710 SB Hilo(X(*),NHLLo).
9720 Hi-X(i)
9730 Lo=X(i)
9740 FOR I=1 TO N
9750 Lo=MIN(X(I),Lo)
9760 Hi=MAX(X(I),Hi)
9770 NEXT I
9780 SBEND
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9790 SUB Plat(LxHxyL, HyXxYxX(*),Y(*),SiNX$,Y$F$)
9800 OPTION BASE I
9810 PLOTTER IS 13,'GRAPHICS"
9820 GRAPHICS
9830 LOCATE t0,90,20,100
9840 SHOW Lx-1,Hx+1,Ly-iHy+t
98S0 AXES iIXxYx
9860 LINE TYPE 2
9870 FOR 1=1 TO N
9880 DRAW X(I),Y(I)
9890 NEXT I
9900 LINE TYPE I
9910 MOVE LxpSi*(Lx-Xx)+Yx
9920 DRAW Hx,Si*(Hx-Xx)+Yx
9930 Label:CSIZE 3
9940 LORG S
9950 LOCATE 0,i25,0,20
9960 SCALE 0,100,0,20
9970 MOVE 50,15
9980 LABEL USING ",K"tX$;" VS "6;Y$;" & REGRESSION LINE"
9990 MOVE SOiO
10000 LABEL USING "K";"ONE MICROSEC/DIV"
£0010 MOVE SOS
10020 LABEL USING "K";"FILE="&F$
£0030 PAUSE
10040 INPUT "HARD COPY? Y OR N",Hc$
£0050 IF Hc$()"Y" THEN 10070
10060 DUMP GRAPHICS
10070 EXIT GRAPHICS
10080 SUBEND
i00
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£0110 SUB Rplot(Tu(*),D(*),S(*),R(*),PrpNVi$,V2$,F$)
10120 OPTION BASE I
£0130 Pi=i
10140 PRINTER IS 0
10150 INPUT "PLOT RESIDUALS VS N(i) OR INDEPENDENT VAR(2)",Pi

10160 PLOTTER IS 13,"GRAPHICS"
10170 GRAPHICS
£O1BO LOCATE 10,100,20,80
10190 IF P1=1 THEN 10240
10200 CALL Hijlo(Iv(*),NIMaxlmin)
10210 SCALE Imin-2,Imax,-SS
10220 AXES ,iITminD
10230 GOTO 10260
10240 SCALE 0,N,-SS
10250 AXES 10,1,0,0
t0260 LINE TYPE 2
10270 R$=VAL$(R(2,Pr))
10280 M=R(tPr)
10290 IF R(3,Pr)=2 THEN M=t/M
10300 Iv=i
10310 D=2
10320 IF R(3,Pr)=2 THEN Iv=2
10330 IF R(3,Pr)=2 THEN D=t
10340 Da=S(DPr)
10350 Ia=S(IvPr)
10360 FOR 1=i TO N
10370 Dp=Da+M*(Iv(I)-Io)
10380 Dr=Dp-D(I)
10390 Nr=Dr/R(2,Pr)
10400 IF Nr)S THEN PRINT INr
10410 IF Pi=i THEN 10440
10420 DRAW Iv(I),Nr
10430 COTO 104S0
10440 DRAW I,Nr
104S0 NEXT I
10460 PRINTER IS 16
10470 LINE TYPE I
10480 IF Pi=i THEN 10610
10490 Rn=IMQx-IMin
10500 MOVE Itin4Ra/8,-4
10510 LABEL USING "K";"NORMAILIZED RESIDUALS VS INDEP VAR"
10S20 MOVE ImJrl4mR/B,-S
OS30 LABEL USING "K";Vi$;" AND ";V25;" DATA";"; RES=";R$;" MICROSEC"

10540 MOVE IMin+Ro/B,-6
i05S0 LABEL USING "K";"TRACKLINE=";F$
10560 MOVE Imin+Ro/B,4
10570 LABEL USING "K";-Iin
iOS80 MOVE Imin+Ra/8,S
10590 LABEL USING "K","IND VAR MIN"
10600 GOTO 10670
10610 MOVE N/9,-4
10620 LABEL USING "K";"NORMALIZED RESIDUALS VS SAMPLE NUMBER"
10630 MOVE N/8,-S
10640 LABEL USING "K";Vt$;" AND ";V2$;" DATA";"; RES=";R$;" MICROSEC"
106S0 MOVE N/8,-6
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10660 LABEL USING "K";"TRACKLINE=";F$
10670 INTEGER K
10680 IF P1=1 THEN 10710
10690 K=Imax-Imin
10700 GOTO 107S0
10710 K=N/tO
10M720 IF (N)100) AND (P1=1) THEN K=N/SO
10730 Step=l
10740 IF (P1=2) AND (K>it) THEN Step=2
10750 FOR 1= TO K
10760 Mx=IMin+I
10770 IF P1=1 THEN Mx=i0*I
10780 IF (N)i00) AND (Pi=1) THEN Mx=SO*I
10790 MOVE Mx,-1
10800 IF P1=1 THEN L=Mx
i181 IF Pi=2 THEN L=I
10820 LABEL USING "K";L
10830 NEXT I
10840 IF Pi=2 THEN 10930
i0S0 FOR 1=i TO S
10860 M=N
10870 MOVE -M/16,I
10860 LABEL USING "K";I
10890 MOVE -M/16,-I
10900 LABEL USING "K";-I
10910 NEXT I
10920 GOTO 10990
10930 FOR I=i TO S
10940 MOVE IMin-lI
109S0 LABEL USING "K"I
10960 MOVE IMin-i,-I
10970 LABEL USING "K";-I
10980 NEXT I
10990 PAUSE
11000 INPUT "HARD COPY? Y OR N",Hc$
11010 IF Hc$="Y" THEN DUMP GRAPHICS
11020 EXIT GRAPHICS
11030 SUBEND
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11060 SUB Bear(Pl,P2,P3,P4,B)
t1074 ! PROGRAM TO CALCULATE BEARING BETWEEN TWO POINTS11080 (PIP2) AND P3 1P4).POSITIONS ARE INPUT IN DEGREES11090 ! OF LAT/LON . N AND E ARE +; S AND W ARE -11160 DEFAULT ON

11110 DEG
11120 PS=COS(P3)
11130 P6=P4-P2
11140 PT=SIN(P3)*COS(Pt)-PS*SIN(Pt)*CDS(P

6 )11150 B=ATN(PS*SIN(P6)/p
7 )11160 IF P7(0 THEN B=B+iBO

11170 IF B(O THEN B=B+360
11180 SUBEND
11210
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11220 SUB Range(PI,P2,P3fP4,R)
11230 ! PROGRAM TV CALCULATE RANGE IN KILOMETERS BETWEEN TWO
11240 1 POINTS (Pl,P2) AND (P3,.P4). POSITIONS ARE IN DEGREES
112S0 ! CLAT,LON) ,NORTH AND EAST ARE +
11260 DEG
11270 P6=SINCPi)
11280 P7=SIN(P3)
11290 P8=Pb*P7+COS(Pi)*COS(P3)*COS(P4-P2)
11300 RAD
11310 P9=(1PBA2)A.S
11320 PS=ATN(P9/Pe)
11330 Pi0=(P6iP7)Af2*(3*P9-PS)/(1+PB)
11340 Pii=(P6-~P7)A2*(3*P9+PS)/(i-PB)
113S0 DEG
£1360 R=6378.135*PS+S.346125*(PiO-PiI)
11370 SUBEND
11400
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11410 SUB Xy(Xp,YppR,B,X,Y)
11420 1 PROGRAM CALCULATES XY COORDINATES OF POINT(XpYp)
11430 1 FROM RANGE AND BEARING FROM REFERENCE POINT(XY)
11440 DEG
11450 XP=X+R*SIN(B)
11460 Yp=Y+R*COS(B)
11470 SUBEND
11500
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i1S1 SUB G oit(P*VVRonge(*)Beor (*)Zp(*,A(*) ;G123(*),G12(*),G23(*)G13(*)
I1S20 ! PROGRAM CALCULATES:
i1S30 i A(*);GRADIENT MATRIX(XY TO TD)
11S40 ! Gi23(*)IGRADIENT MATRIX (TD TO XY),3-TD CASE
iSSO ! G12(*),G23(*),Gi3(*);GRADIENT MATRICES(TD TO XY)p2-TD CASES
i1S60 ! INPUTS ARE:
11570 ! P(*);POWER LEVEL OF XMITTERS (KILOWATTS)
11580 ! V;YELOCITY OF PROPOGATION (MICROSEC/KILOMETER)
is90 i Range(*);RANGES FROM POINT TO XMITTERS (KILOMETERS)
11600 ! Berir(*);AZIMIJIH OF XMITTERS FROM POINT (DEGREES)
1i610 ! Zp(*);XY POSITION OF POINT
i1620 DEG
11630 OPTION BASE i
1640 DIM R(3,3),W(3,3),B(2,3),C(2,2),D(2,3)
ii6SO MAT R=(1)
11660 K=P(4)/Range(4)A2
11670 FOR I=i TO 3
11680 ! CALCULATE A MATRIX
11690 A(Ii)=(SIN(Bear(4))-SIN(Bear(I)))/V
11700 A(I,2)=(COS(Beur(4))-COS(Bear(I)))/Y
11710 ! CALCULATE COVARIANCE MATRIX
11720 R(II)=i+K*Ranqe(I)A2/P(I)
t1730 NEXT I
l1740 ! CALCULATE WEIGHTING MATRIX
117S0 MAT W=INV(R)
11760 ! CALCULATE G123
11770 MAT B=TRN(A)
l1780 MAT D=B*W
11790 MAT C=D*A
11800 MAT C=INV(C)
11810 MAT G123=C*D
11820 ! CALCULATE G12,G23,Gi3
1i830 FOR I=i TO 2
i1840 FOR J=i TO 2
18SO K=I+i
11860 L=J+1
£i870 M=I
ii880 N=3
11890 IF I=2 THEN M=3
11900 IF J=2 THEN N=3
11910 G12(IJ)=A(I,3)
11920 G23(I,J)=A(KJ)
11930 G13(I,3)=A(MpJ)
11940 NEXT 3
119SO NEXT I
11960 MAT G12=INV(Gi2)
11970 MAT G23=INV(G23)
11980 MAT Gt3=INV(Gt3)
11990 SUBEND
12020 !
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12030 SUB Td(R(*),V,Ed(*),TCS))
12040 1 PROGRAM PREDICTS TDS FOR A POINT. INPUTS ARE RANGES
120S0 1 TO THE XMITTERS(R(*))IEMISSION DELAYS(Ed(*))IAND
12060 ! VELOCITY OF PROPOGATION
12070 1

12080 ! CALCULATE SECONDARY PHASE FACTORS (SF)
12090 FOR I=i TO 4
12110 S(I)=38.4488/R(I)-.407SB+.00216673S*R(I)
12130 IF R(I)(160 THEN S(I)=.816768/R(I)-.0t402+.00t1*R(I)
12140 NEXT I
121s0 ! CALCULATE TDS
12160 FOR 1=1 TO 3
£2170 T(I)=(R(I)-R(4))/V+S(I)-S(4)+Ed(I)
12180 NEXT I
12190 SUBEND
12191 1.
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12200 SUB Wpfile(W(*),FiFile$)
£2210 I PROGRAM TO STORE WAYPOINT INFO
12220 OPTION BASE I
12230 PRINTER IS 0
12240 IF Fi=I THEN Opt
£22S0 INPUT "WAYPOINT FILE NAME?,File$
12260 Fi=t
12270 INPUT "DOES THIS FILE CURRENTLY EXIST ON TAPE? Y OR N,.Cr$
12280 IF UPCS(Cr$[ii1)="N" THEN CREATE File$,B
12300 Cont: ASSIGN 0i TO Files
12310 IF UPC$(Cr$[i, 3)="Y" THEN READ ti;W(*)
12311 Opt: INPUT "MODIFY/CREATE i; LIST 2; SAVE 3; QUIT 4",Opt
12312 IF (Opt(i) OR (Opt)4) THEN Opt
12313 ON Opt GOTO InputpListFileEnd
12330 Input: INPUT "WAYPOINT NUMBER?",Nw
12340 PRINT "WAYPOINT NUMBER=";Nw
12350 INPUT "INPUT OR CHANGE TDs? Y OR N",Td$
12360 IF UPC$(Td$)()"Y" THEN Xy
12370 INPUT -TDWTDXTDYTDZ ?",W(Nwi),W(Nw,2),W(Nw,3),W(Nw,4)
12380 FIXED 2
12390 PRINT "TDW=";W(Nw,i),"TDX=";W(Nw,2),"TDY=";W(Nw,3),"TDZ=";W(Nw,4)
12400 Xy:INPUT "INPUT OR CHANGE XY POSITION? Y OR N",P$
12410 IF UPC$(P$)()"Y" THEN Li
12420 FIXED 3
12430 INPUT "XY POSITION? E,N",W(Nw,S),W(Nw,6)
12440 PRINT "X=";W(NwS),"Y=";-W(Nw,6)
124S0 L]:INPUT "INPUT OR CHANGE LAT/LON? Y OR N",L1$
12460 IF UPC$(L$)()"Y" THEN Next
12470 FIXED 4

12480 INPUT "ENTER LATITUDE; DMS",DegMinSec
12481 W(Nw,7)=Deq4Min/60+Sec/760(j
12482 INPUT "ENTER LONGITUDE; DHMS",Dep,MinSec
12483 W(Nw,B)=-(Deq+Min/60+Sec/3600)
12490 PRINT "LAT=";W(Nw,7),"LON=";W(Nw,8s
12S00 Next:INPUT "ANOTHER WAYPOINT? Y OR N",A$
12S10 IF A$="Y" THEN Input
12S20 GOTO Opt
12S21 List: PRINT LIN(S);TAB(2S);"WAYPOINT FIL.E: ";File$
12S40 FOR I=i TO 2S
12SSO FIXED 0
12S60 PRINT
12S70 PRINT "WAYPOINT=";I
12S80 FIXED 2
12S90 PRINT "TDW="W(-It),"TDX=";W(I,2),"TDY=";W(I,3),"TDZ=";W(I,4)
12600 FIXED 3
12610 PRINT "X=";W(IS),1"Y=";W(I,6)
12620 FIXED 0
12621 Lot-=W(I,7)
12622 Deg=INT(Lat)
12623 Mint=60*(Lat-Deg)
12624 Min=INT(Minl)
1262S Sec=6O*(Mini-Min)
12626 PRINT "LAT:';Deg;CHR$(179);Min;"'.;
12627 FIXED 2
12628 PRINT Sec;"'' It
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12629 FIXED 0
12630 Lon--W(I,8
12631 DegaINT(Lon)
12632 Ninia60*(Lon-Deg)
12633 Min-INT(Mini)
12634 Sec=60*(Mini-Min)
12635 PRINT "LON:";Deg;CHRS(179);Min;-t.;
12674 FIXED 2
12637 PRINT Sec;"''"
12640 NEXT I
12641 PRINT LIN(S)
12642 GOTO Opt
12650 File:ASS.IGN 01 TO FileS
12680 PRINT #I;W(*)
12690 End:SUBEND
12710 !

I
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t2120 SUB Fehg(X(*),Zp(*),TpC*),Tq(*),G(*),Zq(*),V,NstG)
12730 1 THIS SUBROUTINE CALCULATES POSITION COORDINATES,.Zq(2p1),
12740 IUSING THE FLAT EARTH HYPERBOLIC GRID (FEGH) ALGROTHIM.
127S0 INPUTS ARE TRANSMITTER POSITIONSX(2,3),.WAYPOINT POSITION,
£2760 ! Zp(2,1); WAYPOINT TDs, Tp(2,i); THE GRADIENT MATRIX, G(2,2) OR G(2,3);
£2770 ! THE VELOCITY OF PROPOGATION, V; AND THE MEASURED TDs, TqC2,i).
£2780 OPTION BASE 1
£2790 DIM A(Nstu,1),B(Nstu,1),C(Nsto,£),D(NstG,1),E(2,£),T(Nsta,i),Z(2,1),R(NstG

£2800 Initialize:!
£2610 K=0
£2820 MAT Zq=Zp
£2830 MAT B=Zp
12840 MAT A=Zp
12850 MAT C=Tq
£2860 MAT D-Tp
£2870 1CALCULATE Zq(i)=Zp+G(Tq-Tp)
£2660 MAT T=C-D
£2890 MAT Zq=G*T
£2900 MAT Zq=Zp+Zq
£2910 1CALULATE h(Zq(0))=h(Zp)
£2920 FOR I1-1 TO Nslo+£
£2930 R(I,1)=SQR( (Zp(£,1)-X(I,£))A2+(Zp(2,1)--X(1,2) )A2)
£2940 NEXT I
12950 FOR 1=1 TO Nsia
£2960 D(I,i)=(R(I,i)-R(Nsta4 ,£) )/V
£2970 NEXT I
£2960 !CALCULATE Zq(n)=2Zq(n-i)-Zq(n-2)+G(h(Zq(n-2)-h(Zq(n-1)))
£2990 Iterate :K=K+i
13000 DISP K
£3010 ! IF ITERATIONS EXCEED 20 THEN STOP
£3020 IF K)20 THEN Error
£3030 MAT B=A ! Zq(n-2)=Zq(n-1)
13040 MAT A=Zq! Zq(n-i)=Zq(n)
13050 MAT C=D ! h(Zq(n-2))=h(Zq(n-i))
13060 ! CALCULATE h(Zq(n-1))
£3070 FOR I=1 TO Nsta+1
£3060 R(I,1)=SQR( (Zq(i,1)-X(l,1) )A2+(Zq(2,£)-X(I,2))A2)
13090 NEXT I
13100 FOR I=i TO Nsta
13110 D(I,i)=(R(I,i)-R(Nsto+1 ,1) )/V
£3120 NEXT I
13130 MAT Zq=Zq*(2)
£3140 MAT Zq=Zq-B
13150 MAT T=C-D
£3160 MAT Z-G*T
1M70 MAT Zq=Zq4'Z
13180 ! CALCULATE ABS(Zq(n)-Zq(n-1))
£3190 MAT E~rA-Zq
£3200 Diff=F(i,i)A2+E(2,1)A2
13210 ! IF DIFFERENCE )I METER, THEN ITERATE
13220 IF SQR(Diff)>.0010 THEN Iterate
13230 DISP K
13240 GOTO End
13250 Error:DISP "20 ITERATIONS WITHOUT CLOSURE !!!"
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13260 PAUSE
13270 EndiSUDEND
13290 .A
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13300 SUB Xplot(T,Ax(*),Ay(*),MinxMQxxMinyMxyNNoF$,Ch$L$P1)
13310 DIM Lt$[803,L4$B0]jL2$580],L351801
13320 FIXED 3
13330 Zoom$= "*
13331 Plotter-l
13340 IF No=2 THEN 13430
13341 INPUT "PLOT DATA ON CRTt OR 9872A2? i OR 2",Ploller
133-e PLOTTER IS 6,S ,"9872A"
13350 IF Plotter-t THEN PLOTTER IS 13,"GRAPHICS"
13351 IF PI()S THEN 13370
£3352 INPUT "CHART SCALE 1:10,0001, 1:20,0002, 1:40,0004, OR 1:80,0008?
S,2,4,ORB",Scale

13353 IF (Scale(>t) AND (Scale02) AND (Scole04) AND (Scole08) THEN 133S2
£3354 Mult=iODO/Scale
13356 Xo=Minx*Mult
13357 Yo=Miny*Mult
i33S8 X=M'xx*Mult
13359 Y=Maxy*Mult
13360 ! GRAPHICS
13361 IF P1=S THEN MSCALE XY
13370 IF P1(>S THEN LOCATE 0,100,20,100
13371 GRAPHICS
13380 IF P1(>S THEN FRAME
13390 IF (P10S) AND (ZooM$()"Y") THEN SHOW Minx-,i Maxx+.iMiny-.,tixy+.i
£3400 IF (P()S) AND (ZooM$="Y") THEN SHOW MinxMaxxMinyMaxy
13410 IF P1(>S THEN AXES .i,.iMinxMinyiOiO
13411 IF P1=S THEN AXES .i*Mult,.l*Mult,0,0pi0,10
13420 ! GRID 2,2,MinxMiny~i,i
13430 LINE TYPE T
£3440 IF P1()S THEN MOVE Ax(t),Ay(£)
13441 IF P1=5 THEN MOVE Ax(t)*Mult-XoAy(i)*Mult-Yo
13450 FOR I=1 TO N
13460 IF P105 THEN DRAW Ax(l),Ay(l)
1346£ IF P1=S THEN DRAW Ax(I)*Mult-XoAy(I)*Mult-Yo
£3470 NEXT I
13471 IF (P1=S) AND (Plotter=i) THEN PAUSE
13472 IF (PI=S) AND (Plolter=i) THEN 14080
13473 IF (P1=S) AND (Plolter=2) THEN 14100
13480 PRINTER IS 0
13490 P=O
13SO0 IF (Pl=3) AND (No=i) THEN SUBEXIT
£3SiO IF (PI=3) AND (No=2) THEN Label
£3520 PAUSE
£3530 INPUT "ZOOM?,Y (R N",ZooM$
£3540 IF Zoom$()"Y" THEN 13580
13550 DIGITIZE MjnxMiny
13560 DIGITIZE MaxxMaxy
13570 GOTO £3350
13S80 INPUT "FIND SAMPLE NUMBER AND VALUE OF PLOTTED DATA POINT? Y OR N",Out$
£3590 IF Oui$()"Y" THEN 13690
13600 DIGITIZE X,Y
13610 Tol=.I
13620 IF ADS(Maxx--MJnx)(=l THEN Tol=.OiO
13630 FOR 1=1 TO N
13640 IF (ABS(Ax(l)-X)(Tol) AND (ABS(Ay(I)-Y)(Tol) THEN P-1
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1 £36S0 IF P THEN PRINT IAx(I),Ay(I)

£3660 P-0
13670 NEXT I
13680 GOTO 13S80
13690 INPUT "DIGITIZE?",D$
13700 IF D$0(1Y" THEN Label
13710 INPUT "HOW MANY?(£tO",P
£3720 IF P>iO THEN P=t0
13730 GRAPHICS
13740 FOR I=1 TO P
£37S0 DIGITIZE Xx(I)YYy(I)
13760 LORG S
13770 MOVE Xx(I),Yy(I)
13780 LABEL USING "K";"+"

13790 MOVE Xx(I),Yy(I)
13800 LORG 2
13810 LABEL USING "3D";I
£3820 NEXT I
13830 FOR I=1 TO P
£3840 PRINT IXx(I),Yy(I)
£38S0 NEXT I
13860 Label:IF (PI=3) AND (No=i) THEN SUBEXIT
13870 LOCATE 0£00,0,IS
13880 SCALE 0,100,0,2S
13890 LI$="AXES: X="&VAL$(Minx)&" Y="&VAL$(Miny)
13900 L2$="UNITS: I KM/DIV"
t3910 L3$="FII..E="&F$
13920 IF PI=i THEN Mini
13930 IF P1=3 THEN Miniic
13940 L4$="LORAN-C DATA:"&" CHAIN="&Ch$&", LOPs="&L$
139S0 COTO 13990
13960 Mini:L4$="MINI-RAN6ER DATA"
13970 COTO 13990
13980 MiniIc: L4$="MINI-RANGER (SOLID LINE) AND LORAN-C (DASHED LINE)"
13990 MOVE 10,20
14000 LABEL Li$
14010 MOVE 101S
14020 LABEL L2$
14030 MOVE 10,10

14040 LABEL L3$
£4050 MOVE 10,5
14060 LABEL L4$
14070 PAUSE
14080 Hrd_cop:INPUT ",HARD COPY OF GRAPHICS?"tH$
14090 IF H$="Y" THEN DUMP GRAPHICS
14100 EXIT GRAPHICS
14110 SUBEND
14130 1
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14140 SUB Ctt(X(*),Y(*),Ct(*),At(*)Wxi,WyiWx2,Wy2,NRA)
14iS0 DEFAULT ON
14160 OPTION BASE I
14170 DEG
14180 MAT Ct=(0)
14190 MAT AtC(O)
14200 ! CALCULATE COURSE ANGLE FROM WI TO W2
14210 Dy=Wy2-WyV
14220 Dx=Wx2-Wxi
14230 R=SQR(Dx42+DYA2)
14240 A=ATN(Dx/Dy)
142S0 IF Dy(O THEN A=A+160
14260 IF A(O THEN A=A+360
14270 ! CALCULATE ALONG TRACK AND CROSS TRACK DISTANCE

14280 FOR I=1 TO N
14290 X=X(I)-Wxi
14300 Y=Y(I)-Wyi
14310 At(I)=X*SIN(A)+Y*COS(A)
14320 Ct(I)=-X*COS(A)+Y*SIN(A)
14330 NEXT I
14340 ! FILTER Ct
143S0 FOR 1=2 TO N14360 Ct(I)=Ct(1-t)*.7+Cl(I)*.3

14370 NEXT I
14380 SUBEND
14400 !
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14410 SUB Pntct(At(*),Ct(*) NMinaMaxoMincpMoxcWtWfF$,RNoDatQ)
14420 DIM LI$[B03,L2$803,L.3$[80],L4$C803
14430 IF No=2 THEN 14540
14440 PLOTTER IS 13,"GRAPHICS"
144S0 GRAPHICS
14460 LOCATE 101100p20,100
14470 Mina=MIN(OMina)
14480 Maxa=MAX(RMaxq)
14490 1 CALL Hi -lo(Ct(*),NBcLc)
14500 Bc=MAX(Maxc,.22)
14510 L-c=MIN(Minc,-.22)
14520 SCALE MinaMaxQLcBc
14530 AXES ,.0,Q,0,iO~iO
14S40 MOVE At(i),Ct(1)
145SO LINE TYPE i
14S60 TF (DQai=3) AND (No=2) THEN LINE TYPE 2
14S70 FOR I=1 TO N
14S80 DRAW At(I),Ct(T)
14S90 NEXT I
14600 MOVE RO
146i0 LORG S
14620 LABEL USING "K";"I"
14630 LINE TYPE i
14640 IF (Data=3) AND (No=i) THEN SUBEXIT
14650 Label:!
14660 Y axis:!
14670 Y=.2
14680 IF Maxa)S THEN Y=.5
14690 MOVE Y,.1
14700 LABEL USING "K";t00
14710 MOVE Y7.2
14720 LABEL USING "K";200
14730 MOVE Y,-.i
14740 LABEL USING "K";-t00
14750 MOVE Y,-.2
14760 LABEL USING "K"--200
14770 MOVE Y,-.2t5
14780 LABEL USING "K";"METERS"
14790 X axis:!
14800 INTEGER K
148t0 K=Maxa
14820 FOR I=1 TO K
14830 MOVE I,-.OS
14840 LABEL USING "Kh;I
14850 NEXT I
14860 MOVE K-i,-.03S
14870 LABEL USING "K";"KILOMETERS"
14880 LOCATE i0,t00O0,20
14890 SCALE 0,1000,-2S
14900 FIXED 0
14910 L1$="ALONG TRACK VS CROSS TRACK "
14920 L2$="WAYPOINT "&VAL$(Wf)&" TO "&"WAYPOINT "&VAL.$(Wt)
14930 L3$="FILE="&F$
14940 IF Dato=t THEN L4S="MINIRANGER DATA"
149S0 IF Data-2 THEN L4$="L.ORAN-C DATA"
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14960 IF Data=3 THEN L4$-"LORAN-C DATA(DOTTED LINE) AND MITNIRANCER DATA(SOLID LI1
NE)"
14970 MOVE 0,22
14980 LABEL "WP'&VAL$CWt)
£4990 MOVE 100,22
£5000 LABEL "WP"&VALS(Wf)
£5010 MOVE 55,20
£5020 LABEL Li$
£5030 MOVE 55,15
£5040 LABEL L2$
iSOSO MOVE 55,10
£5060 LABEL L3$
£5070 MOVE 55,5
£5080 LABEL L4$
£5090 PAUSE
£5100 INPUT "HARD COPY? Y OR N",HcS
£5110 IF HcS="Y" THEN DUMP GRAPHICS
£5120 EXIT GRAPHICS
15130 SUBEND
15150
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15160 SUB Delete(W(*),X(*),Y(*),Z(*),R1C*),R2C*),T$C$),NF$)
15170 OPTION BASE £
i10 DIM WeC400),Xe(400),Ye(400),Ze(400),Te$C400),Rie(400),R2e(400)
15190 PRINTER IS 0
15200 Somple:INPUT "SAMPLE TO BE DELETED?START WITH HIGHEST NUMBER ",D
15210 3=0
15220 FOR I-i TO N
15230 Soimpl:IF I=D THEN Next
1S240 J=3+1
£5250 DISP I,J
£5260 We(J)=W(I)
15270 Xe(J)=X(I)
15280 Ye(J)=Y(I)
15290 Ze(J)=Z(I)
15300 Rie(J)=Ri(I)
£5310 R2e(J)=R2(I)
15320 Te$(J)=TS(I)
£5330 Next: NEXT I
15340 N=J
£5350 MAT W=We
15360 MAT X=Xe
£5370 MAT Y=Ye
£5380 MAT Z=Ze
15390 MAT Ri=Rie
£5400 MAT R2=R2e
£5410 FOR I=i TO N
£5420 T$(I)=Te$(I)
£5430 NEXT I
£5440 PRINT "SAMPLE";D;'DELETED,";N;"SAMPLES REMAIN"
£5450 INPUT "ANOTHER SAMPLE TO DELETE?"1,A$
£5460 IF A$="Y" THEN Sam'ple
£5540 End:SUBEND
£5S60
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1570 SUB Recd((*),X(*),Y(*)Z(*),Ri(*)R2(*)Tie#(*),SoimpleF)15590 OPTION BASE -

£55S90 DIM A(1D0),BC1O0),C(100),D(100),TS(10O)1 E(iO0),F(1O0)
£5600 MASS STORAGE IS ":T14"
£5610 Sample=0 ZERO SAMPLE NUMBER AND DATA ARRAYS
15620 MAT W=(0)
15630 MAT X=(0)
15640 MAT Y=(D)
£5650 MAT Z=(0)
£5660 MAT Ri=(0)
£5670 MAT R2=(O)
15680 FOR 1=1 TO 400
£S690 Time$(I)="
£5700 NEXT I
15710 INPUT SBFILE NAME? *,F$ ! INPUT FILE NAME
£5720 ASSIGN #i TO F$
15730 READ $1;Sei,Sample 'READ NUMBER OF DATA SETS AND SAMPLES
15740 FOR J=O TO 3 IREAD DATA SET BY SET AND LOAD INTO
£5750 ON END ti COTO 15770 1 DATA ARRAYS
15760 READ #£;A(*) ,B(*) ,C(*) ,D(*) ,E(*) ,F(*) ,T$(*)
15770 FOR I=1 TO £00
15780 W(I+J*iOO)=A(I)
15790 X(I+J*iOO)=B1I)
15800 Y(I+J*i00)=C(I)
15810 Z(I+J*100)=D(I)
£5820 Ri(I+J*iO)=E(I)
15830 R2(I4-J*iOO)=F(l)
15840 TimeS(I+J*i0D)=T$(I)
15850 IF I+J*100=S'ample THEN SUI4EXIT
15860 NEXT I
15870 IF J+i=Set THEN SUB'EXIT
£5880 NEXT J
15890 SUBEND

£5910
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15920 SUB Link(W(*),XC*),Y(*),Z(*),R1(*),R2(*),TieC*)CoufltL$)
IS1930 OPTION BASE I
15940 DIM A(£00),t(£00),C(100),D(iG0),T$(100),E(i0),F(i0OO
£5950 MASS STORAGE IS ":T14*
£5960 Counl=0
1S970 Read£i
£5980 INPUT "DATA FILE TYPE? TD&RANGE£ OR TD ONLY2",Read
iS990 IF (Readol) AND (Reao2) THEN 15980
£6000 INPUT "FIRST FILE NAME? -1,F$
16010 LS""
16020 Assign:ASSIGN ti TO F$
£6030 READ *£;SeT,N
£6040 FOR J=0 TO 3
£6050 ON END *1 GOTO 16100
£6060 ON Read GOTO Std,Alt
£6070 StdREAD t£;A(*),B(*),C(*),D(*),E(*),F(*),T$(*)
£6080 GOTO 16100
£6090 Alt:READ #£;A(*),B(*),C(*),D(*),T$(*)
£6100 FOR I=i TO £00
£6110 Kounl=Count+I+J*i00
£6120 DISP Kount
16130 W(Kount)=A(I)
£6140 X(Kount)=B(I)
16150 Y(Kount)=C(I)
16160 Z(Kount)=D(I)
16170 Ri(Kount)=E(I)
£6180 R2(Kount)=F(I)
£6190 Time$(Kount)=T$(I)
£6200 IF 1+3*£00=N THEN Statusit
£6210 IF St'tusli THEN Jump
16220 IF Kount=400 THEN Jump
£6230 NEXT I
£6240 IF SeT=J+i THEN Jump
16250 NEXT 3
£6260 3umpi!
£6270 PRINTER IS 16
162830 PRINT PAGE;LIN(20);"CURRENT FILE=";F$
£6290 INPUT "CORRECT TD DATA? Y OR N",CS
£6300 IF C$O)"Y" THEN £6460
16310 PRINT "START TIME=";-Time$(Count4-1);TAB(30);,"STOP TIME=";-TimeS(Kount)
£6320 INPUT " CORRECTION TO TDW(MICROSEC)?",Wc
£6330 INPUT " CORRECTION TO T*DX(MICROSEC)?",Xc
£6340 INPUT " CORRECTION TO TDY(MICROSEC)?",Yc
£6350 INPUT " CORRECT-ION TO TDZ(MICROSEC)?",Zc
16360 FOR I=Cotent+i TO Kount
1 6370 W(I)=W(I)+Wc
£6380 X(I)=X(I)+Xc
16390 Y(I)=Y(I)+Yc
16400 Z(I)=Z(I)+Zc
£6410 NEXT I
£6420 FS:FS&"tl
£6430 PRINTER IS 0
£6440 PRINT "FILE="l;FS
16450 PRINT "TD CfRRECTIONS";TA20);"Wcor=";Wk;TAB(3);"Xcor";X,;TAB(S0);"Yc
r=";Yc;TAB(6S) ; "Zcor=";Zc
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£6460 Count=Kount
16470 PRINTER IS 16
£6480 Status=O
16490 CoMma$SCHR$(44)
16S00 IF LEN(L$)(1 THEN Comma$-* "

16S10 L$=L$&Comma$&F$
£6S20 PRINT PAGE;LIN(20)
£6530 PRINT "FILES LINKED:";L$
16S40 PRINT "TOTAL SAMPLES=";Count
£6550 IF Count=400 THEN 16610
16S60 INPUT " ANOTHER FILE? ",A$
16S70 IF AW"N" THEN End
16S80 INPUT " FILE NAME? ",F$
16590 ! L$=L$&CHR$(44)&F$
16600 GOTO Assign
16610 End:PRINT "FILES LINKED=";L$
16620 PRINT "TOTAL SAMPLES=";Count
16630 PRINT
16640 INPUT " STORE DATA SET? ",S$
16650 IF S$="Y" THEN Store
£6660 SUBEXIT
£6670 Store:CALL Store(W(*),X(*),Y(*),Z(*),Ri(*),R2(*),TiMe$(*),CountF$)
16680 SUBEND
16681
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16690 SUB Su~a~I*,()Y*,()S*,O*,C)N
16700 OPTION BASE I
16710 DEFAULT ON
16720 DIM A(400),B(400),C(400),.D(400),V(4)
16730 1 OFF-SET
16740 0Ci)=W(1)
167S0 0C2)=XCI)
16760 O(3)-Y(1)
16770 O(4)-Z(1)
16790 !SUBTRACT OFF-SET
16790 FOR 1-1 TO N
16800 A(l)=W(I)-O(1)
16810 B(I)-X(I)-0(2)
16620 CCI)=Y(I)-O(3)
16830 D(I)mZCI)-0(4)
16840 NEXT I
16850 i sums
16R60 6(1 ,i)-SLM(A)
16970 S(1,2)=SUM(B)
16880 S(1,3)=SUM(C)
16990 S(1,4)=SUM(D)
16900 1 SUMS OF SQUARES
16910 S(2,1)=DOT(A,A)
16920 SC2,2)=DOT(B,B)
16930 S(2,3)-DOT(C,C)
16940 S(2,4)=DOTCD,D)
169S0 ! MEAN AND STAN DEY
16960 FOR 1-1 TO 4
16970 S(3,I)-S(tI)/N
16980 V( I)=S(2,I)/N-S(3,I ) A
16990 S(4,I)=SQR(VCI))
17000 NEXT I
17010 ! SUM OF CROSS PRODUCTS
17020 Co(i,i)=DOT(A,B)
17030 Co(i,2)=DOT(A,C)

*17040 Co(i,3)-DOT(A,D)
17050 Co(1,4)=DOT(B,C)
t 7060 Co(1,5)-DOT(I,D)
t 7070 Co(1,b)=DOT(C,D)
17080 ! COVARIANCE
17090 Co(2,1)=Co(i,i)/N-S(3,i)*S(3,2)
17100 Co (2,2)-Co (1,2)/N-S(3, i)*S(3,3)
17110 Co(2,3)=Co(1 ,3)/N-S(3,i)*S(3,4)
17120 Co(2,4)=Co(i ,4)/N-S(3,2)*S(3,3)
17130 Co(2,5)=Co(i,5)/N-S(3,2)*S(3,4)
1749 Co(2,6)=Co(i,6)/N-S(3,3)*S(3,4)
17150 1 CORRELATION COEFFICIENT
17160 Co(3,1)-Co(2,1)/(S(401)*S(4,2))
17170 Co(3,2)=Co(2,2)/(S(4,1)*SC4,3))
17160 Co(3,3)-Co(2,3)/(S(4,1)*S(4,4))
1790 Co(3,4)=CoC2,4)/CS(4,2)*SC4,3))
17200 Co(3,S)=CoC2,5)/(S(4,2)*S(4,4))
17210 Co(3,b)=Co(2,b)/(S(4,3)*S(4,4))
t7220 SUBEND
17240 1
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17250 SUB Store(WC*),X(*),Y(*)1 Z(*),RI(*),,R2(*),U$(*),NFS)
17260 OPTION BASE I
17270 DIM A(100)pBCIOO),C(100),D(100),T$(100),E(100),F(100)
17280 IF t4(=i00 THEN Set-i
17290 IF (N>100) AND (N(in200) THEN Set=2
17300 IF (N)200) AND (N(=300) THEN Set-3
17310 IF (N)300) AND (N(=400) THEN Set=4
£7320 INPUT FILE NAME? "pFS
17330 PRINT "FILE-;F$,"SETS=";Set,"N=";N
17340 CREATE F$,Set,7000
173S0 ASSIGN 01 TO F$
17360 PRINT #1;Set
17370 PRINT #1;N
17380 3=0
17390 Load:'
17400 FOR 1=1 TO 100
£7410 IF I+3*i00>N THEN Zero
17420 ACI)1'J(I+3*i00)
17430 B(I)=XCI+3*100)
17440 C(I)=YCI+3*i00)
17450 DCI)=Z(I+3*100)
17460 E(I)=Ri(I+3*100)
17470 F(I)=R2(I+3*i00)
17480 T$(I)=U$(I+7*100)
17490 GOTO Next
17500 Zero%!
17S10 A(I)=0
17520 B(I)=D
17530 C(I)=0
17540 D(I)=0
17S50 E(I)=0
17560 FCI)=0
17570 TS(I)="'
17S80 Next:NEXT I
17590 1 ON END #1 GOTO 16770
17600 ! PAUSE

* 17610 PRINT #1;A(*),B(*),C(*),D(*),E(*),F(*),T$(*)
17620 IF S+l=Set THEN SUBiEXIT
17630 3=3+1
£7640 GOTJl Load
17650 SAItEND
17670
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17680 SUB Delete_blok(W(*)X(*),Y(*)Z(*)R(*),R2(*),T$(*)pNF$)
17690 OPTION BASE I
17700 DIM We(400),Xe(400) ,Ye(400),Ze(400),Te$(400),Rlte(4OO);R2*(400)
17710 PRINTER IS 0
17720 Sample:INPUT "FIRST SAMPLE IN BLOCK TO BE DELETED"pNi
17730 INPUT "LAST SAMPLE IN BLOCK TO BE DELETED",N2
17740 3-0
177S0 FOR I=i TO N
17760 SaMpl:IF (I)-NI) AND (I(-N2) THEN Next
17770 3=3+1
17780 DISP It3
17790 We(J)=W(I)
17800 Xe(3)=X(I)
17810 Ye(J)=Y(I)
17820 Ze(J)=Z(I)
17830 Rie(3)=Rt(I)
17840 R2e(J)=R2(I)
178S0 Te$(J)=T$(I)
£7860 Next: NEXT I
17870 N=3
17880 MAT W=We
17890 MAT X=Xe
17900 MAT Y=Ye
17910 MAT Z=Ze
17920 MAT RI=Rie
£7930 MAT R2=R2e
17940 FOR 1=t TO N
£79S0 T$(I)=Te$(I)
17960 NEXT I
17970 PRINT "SAMPLES";Nt;"THRU";N2;"DELETED,";N;"SAMPLES REMAIN"
17980 INPUT "ANOTHER BLOCK TO DELETE?",A$
17990 IF A$="Y" THEN Sample
18070 End:SUBEND
£8090 !

isi
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18100 SUB Delete-.td((*)X(*)Y()Z(*)Ri(*),R2C*),T$C$),NF$)
18110 OPTION BASE 1
18120 DIM WeC400),Xe(400),Ye(400),Ze(400),Te$(400),Rie(400),R2 e(4 00)
18121 Sec$aUWXYZ"
18130 PRINTER IS 0
18140 Sumple iNi-N
18150 INPUT "CLIP LIMITS FOR WHICH SECONDARY? W1 ,X2, Y3, Z4,pSeC
18151 IF CSec(1) OR (Sec)4) THEN Sam~ple
18152 PRINT RPT$("_,80o)
18153 PRINT "SETTING CLIP LIMITS FOR ";Sec$[6ecj13
18154 INPUT "CLIP LIMITS?, MINpMAXM L1jU1
18155 PRINT "UPPER=";jU1," LOWER=";Li
18180 .1-0
18190 FOR I=i TO N
18209 SompliON Sec COTO Tw,Tx,Ty,Tz
18201 TwIF (W(I)(Li) OR (W(I))UI) THEN Next
£8202 COTO Keep
183203 TxIF (X(I)(Li) OR (X(l))Ui) THEN Next
£8204 COTO keep
1820S Ty:IF (Y(I)(Li) OR (Y(I)>Ui) THEN Next
18206 COTO Keep
18207 TziIF (ZCI)(LI) OR (Z(I)>Ui) THEN Next
18230 keep:J=3+1
18240 DISP I,J
18250 We(J)=W(I)
'2260 Xe(J)=X(I)
18270 Ye(3)=Y(I)
18280 Ze(J)=Z(I)
18290 Rle(J)=R1(l)
18300 R2e(J)=R2C1)
£8310 TeS(J)=T$(I)
18320 Next: NEXT I
18330 N=J
18340 MAT W=We
18350 MAT X=Xe
18360 MAT Y-Ye
18370 MAT Z=Ze
18380 MAT RI=Rie
18390 MAT R2=R2e
18400 FOR I=1 TO N
18410 T$(I)-Te$(I)
18420 NEXT I
18430 PRINT Ni-N;OSAMPLES DELETED..,,;N;"SAMPLES REMAIN"
18431 INPUT "SET ADDI.TIONAL CLIP LIMITS?--Q$
18432 IF UPC$(Q$[1,1])="Y" THEN Sam.ple
18510 End;SUBEND
18511
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18520 SUB Trock(Stat(*)pO~et(*),,Co(*)R(*)SpeF$WtWfAnle,N)
18S30 DEG
18540 OPTION BASE I
18550 DEFAULT ON
16560 FIXED 2
16570 PRINT "LORAN-C POSITION ANALYSIS: ;)FS
18571 Angle=Angle-180
18r,72 IF Anqle(O THEN Angle=Angle+360
£8560 PRINT TAB(S);"FROM WPO)Wf)" TO WP*;Wtl,TRACK= ;Anglel' DEGREES"
18590 PRINT *REFERENCE WAYPOINT-")Wt
£8600 Slope=R(1i)
18610 IF R(3pi)=2 THEN Slope-i/Slope
18620 A=ATN(1/Slope)
18630 IF Slope(0 THEN A=A+i80
16640 IF A(0 THEN A=A+360
18650 PRINT TAB(S);"RMiS TRACKLINE=";A;" DEGREES"
18660 PRINT TAB(5);"AVE CROSS TRACK DISTANCE=";(Oset(3)+Stat(3,3))*1000;" Ml
ER S 1
18670 PRINT TAB(S);"STD DEV CROSS TRACK DISTANCE=";5tat(4,3)*1000;-" METERS"
18680 FIXED 3
18690 PRINT TAB(S);"AVE X P05=";Oset~)+Stt(31);"KM";TAB(40);"Y POS=";O-et
)+Stat (3,2); "KM"
18700 PRINT TAB(5);"STANDARD DEV X=";Stat(4)i)*i000)" METERS";TAB(40);"Y=";Sto]
4,2)*1000; "METERS"
18710 SUBEND
18730
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18740 SUR Pseudo(GlotGlonR(*),Plat,Plon)
187S0 OPTION BASE I
18760 RAD
18770 DIM X(3)pT(3)
18760 TCI)-COS(Glut)*COS(Glon)
18790 T(2)-COS(Glat)*SINCGlon)
18900 T(3)=SIN(Glat)
18810 MAT X=R*T
18620 H=SQR(X(i)^2,X(2)A2)
£8830 Plat=ATN(XC3)/H)
1 8840 Plon-ATN(X(2)/XC1))
18850 SUBEND
18670
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18980 DEF FNRange(XijYiX2,Y2)
18890 RETURN SQR((X2-X1)A2+CY2-Y1)A2)
£8900 FNEND
19920
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£8930 SUB RotimteCGlut,Glon,R(*))
1 8940 RAD
£8950 OPTION BASE I
16960 R(1,i)=COS(Gleyt)*COS(Glon)
£8970 R(2,i)=-SIN(Glon)
18980 RC3,i)--SIN(Glat)*COS(Glon)
£8990 R(i,2)-COSCGlut)*SIN(Glon)
19000 R(2,2)=COSCGlon)
19010 R(3,2)--SIN(Glat)*SIN(Glon)
£9020 R~i,3)=SIN(G1ut)
19030 R(2p3)=0
£9040 R(3,3)=COS(Glmt)
£9050 SUBEND
19070
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19060 SUB CartCPlatPlon,X,Y)
£9090 OPTION BASE i
19100 RAD
19110 R=6378.13S
19120 Cos=COS(Plat)*CDS(Plon)
1930 Sin=SQR(1-CosA2)
M940 ThetoinATN(Sin/Cos)
19150 S=R*Theto
£9160 S.n=SIN(Plat)/SIN(Theic)
19170 Co'=SIN(Plon)*COS(Plot)/SIN(Theta)
19180 X5S*Cos
19190 Y=S*Sin
19200 SUBEND
19220
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19230 DEF FNGlat(L*IF)
19240 RAD
19250 RETURN ATN((i-F)A2*TAN(LO t))

19260 FNEND
19280 i
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* 19290 SUBD C.rtcoord(X(*)tL~it,Lon,Z(*))!
19300 OPTION BASE I
19310 1 CALCULATE XY COORDINATES OF TRANSMITTERS(Z(*)) WITH RESPECT
19320 1 TO LOCAL GRID ORIGION(Lat,Lon)
19330 1 INPUTi TRANSMITTER GEODETIC POSITIONS;XC*)
19340 1 LAT AND LON OF LOCAL GRID ORIGION; Lat,Lon
19350 1 OUTPUT: TRANSMITTER XY POSITIONS; Z(*)
19360 ! SEE APL TECH NOTE SDO S665 "EQUATIONS FOR COMPUTING ....... APR8O
19370 DIM G(4,2),P(4,2),Rotdie(3,3)
19380 F=.D033S278
19390 RlaT=Lcat*PI/180
19400 R1Ut=FNG1Qt(RlatF)
19410 Rlon=Lon*Pl/iB0
19420 CALL Ro~ate(Rlat,Rlon,Rotate(*))
19430 FOR I=i TO 4
19440 GI4p)=XI,)PI/i80
19450 G(I,1)=FNGlaT(G(I,i) ,F)
19460 G(1,2)=X(I,2)*PI/iS0
19470 CALL Pseudo(G(I,1) ,G(T,2) ,Rotate(*) ,P(I,1) ,P(I,2))
19480 CALL. Cort(P(I,i) ,P(I,2),ZCI.i) ,Z(I,2))
19490 NEXT I
£9500 SUE4END
19501 i
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19510 DEF FNG1at(RIQtF)
19520 RAD
19530 RETURN ATN( (1-F) A2*TAN(R1at))
19540 FNEND
19S60
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£9570 SUB Wp3(II(*),CWoT(*)oZ(*),L$)
£9580 OPTION BASE I
19590 i SELECT THE 3 TDs TO BE USED AS THE WAYPOINT(T(*)) 

FOR THE

£9600 1 3-TD FENG SOLUTION BASED ON THE CHAIN CONFIGURATION(C)
£9610 1 INPUTS:
£9620 1 W(*); WAYPOINT TABLE

£9630 1 C; CHAIN CONFIGURATION, I-XYZp 2=&dXY, 3-WXZp 4=WYZ

£9640 1 W; WAYPOINT NUMBER
£9650 1 OUTPUTS:
£9660 1 T(*); WAYPOINT TDs
£9670 1 Z(*); WAYPOINT XY POSITION
£9680 1 L$; LABEL
19690 Z(£,i)=W(W,5S)
£9700 Z(2pl)-W(W,6)
1971D ON C GOTO Xyz,WxV,Wxz,WPz
£9720 Xyzi!
19730 T(li)=W(Wp2)
£9740 T(2pi)=W(Wp3)
£9750 T(3,1)=W(W,4)
£9760 L$="XYZl"
£9770 SUBEXIT
£9780 Wxy:
£9790 li)Wo)
£9800 T(2,i)=W(W,2)
£98i0 T(3,i)=W(W,3)
£9820 L$='WXY"

£9830 SUEIEXIT
£9840 Wxztl
£9850 ~ ii=WWi
£9860 T(2,i)-W(W,2)
£9870 T(30t)=W(W,4)
£9880 L$=*WXZ"
£9890 SUBEXIT
£9900 WJyz:
£99i10ti)WWi
1' 9920 T(201)=W(W,3)
£9930 T(301)=W(WO4)
19940 L$="WYZ"
£9950 SUBEND
£9970
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19980 SUB Td3(W(*),X(*),Y(*),Z(*),ICT(*))
19990 OPTION BASE I
20000 ! SELECTS THE PROPER TD SAMPLES FOR CALCULATING XY POSITION
20010 1 BASED ON CHAIN CONFIGURATION AND 3-TD FEHG SOLUTION
20020 ! INPUTS:
20030 1 W(*)pX($),Y(),Z($); TD DATA ARRAYS
20040 ! I; SAMPLE NUMBER
200S0 ! C; CHAIN CONFIGURATION I=XYZ, 2=WXY, 3=WXZ, 4=WYZ
20060 9 OUTPUT:
20070 1 T($); TD SAMPLE
20080 ON C GOTO XyzIWxyWxzWyz
20090 Xyz:!
20100 T(1i,)=X(I)
20110 T(2,i)=Y(I)
20120 T(3,1)=Z(I)
20130 SUBEXIT
20140 Wxy:
20150 T(i,i)=W(I)
20160 T(2,i)=X(I)
20170 T(3,1)=Y(I)
20180 SUBEXIT
20190 Wyz: i
20200 T(tt)=W(I)
20210 T(2,i)=Y(I)
20220 T(311)=Z(I)
20230 SUBEXIT
20240 Wxz: I
20250 T(ii)=W(1)
20260 T(2p1)=X(I)
20270 T(3,i)=Z(I)
202B0 SUBEND
20300 !
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20310 SUB Wp2(W(S),CWT(*),PZ(S),Gt2(S),G23(S),G13($),G($),LSZx(S),Zxt(S))
20320 OPTION BASE I
20330 ! SELECT WAYPOINT TDsPOSITIONpTRANSMITTER POSITIONS AND G-ATRIX FOR 2-TD
FEHG SOLUTION

20340 1 FEHG SOLUTION BASED ON CHAIN CONFIGURATION AND DESIRED TD PAIR

20350 I INPUTSI
20360 1 W(S)l WAYPOINT TABLE
20370 ! C; CHAIN CONFIGURATION I-XYZ, 2-=XY, 3-WXZ# 4-WYZ
20380 ! PI TD PAIR
20390 1 G12(),G23(),Gi3(*); 2-TD G-MATRICES
20400 ! Zx(*); TRANSMITTER POSITIONS
20410 ! OUTPUTS:
20420 ! T(*); WAYPOINT TDs
20430 ! G(S); G-MATRIX
20440 ! Z(S); WAYPOINT POSITION
20450 ! Zxt($); TRANSMITTER POSITIONS FOR 2-TD SOLUTION
20460 ! L$; LABEL
20470 Z(ii)=W(WS)
20480 Z(2,1)=W(W,6)
20490 Zxt(3,i)=Zx(4,I)
20S00 Zxt(3,2)=Zx(4,2)
2050 ON C GOTO XyzWxyWxzWyz
20520 Xyz:!
20S30 INPUT "INPUT TD PAIR; XYIt XZ2, YZ3",P
20540 ON P GOTO XyXzYz
20SS0 Wxy:!
20S60 INPUT "INPUT TD PAIR; WXit, WY2, XY3",P
20S70 ON P GOTO WxWyXy
20S0 Wxz:,
20590 INPUT "INPUT TD PAIR; WXt, WZ2# XZ3",P
20600 ON P GOTO WxpWzXz
20610 Wyz:!

20620 INPUT "INPUT TD PAIR; WYi, WZ2, YZ3",P
20630 ON P GOTO WpWzYz
20640 Wx:'
20650 T(i)=W(Wi)
20660 T(2,i)=W(Wp2)
20670 L$="WX"
20680 GOTO Xmit-sel
20690 Wy: !
20700 T(iI)=W(WI)
20710 T(2,i)=W(W,3)
20720 L.$="WY"
20730 GOTO Xmiltsel
20740 Wz: I
207S0 T(1,l)-W(Woi)
20760 T(2,1)=W(Wp4)
20770 L$="WZ"
20780 GOTO Xmit-sel
20790 Xy: I
20800 T(i~i)=W(W,2)
20810 T(201)=W(W,3)
20820 L$="XY"
20830 GOTO Xmitsel
20840 Xz: I
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I20950 T(1,I)-WCW$2)
20960 T(2p1)-1d(W#4)
20870 L$-mXZ*
20990 COTO Xmiit-sel
209390 Yzi I
20900 T(1,l)-W(W#3)
20910 T(2,1)-nb(Wp4)
20920 L$-"YZ"
20930 COTO Xm.itse1
20940 Xmit-seltI
20950 ON P COTO X12,X13,X23
20960 X12t!
20970 MAT G=GI2
20980 Zxt(1,1)=ZX(1,1)
20990 ZxtC1,2)-Zx(i,2)
21000 ZxT(2,1)Zx(2,i)
21010 ZxtC2,2)-Zx(2,2)
21020 SUEBEXIT
21030 X13:
21040 MAT G-Gi3
21050 Zxt(1,1)Zx(1,1)
21060 ZXT(102)=Zx(1,2)
21070 Zxl(2,i)=Zx(30t)
21080 Zxt(2,2)=Zx(3,,2)
21090 SUBEXIT
21100 X23:
21110 MAT G=G23
21120 Zxt(i,i)=Zx(2,1)
21130 Zxt(i.2)-ZxC2,2)
21140 Zxt(2,1)=Zx(3,I)
21lS0 ZxtC2,2)=Zx(3,2)

21160 SLJBEND
21160
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21190 SUB Td2(W(*),X(*),YC*),Z(*),ICPT(*))
21200 ! SELECT THE PROPER TD SAMPLES FOR CALCULATING XY POSITION

2121U ! BASED ON CHAIN CONFIGURATION, TD PAIR, AND 2-TD FEHG SOLUTION

21220 ! INPUTSt
21230 1 W(*),X(*),Y(*),Z(*); TD DATA ARRAYS
21240 1 Ij SAMPLE NUMBER
21250 I Cl CHAIN CONFIGURATION
21260 ! P; TD PAIR
21270 ! OUTPUT:
21280 ! T(*); TD SAMPLE
21290 OPTION BASE i
21300 ON C GOTO Xyz,WxyWxzWyz
21310 Xyz:i
21320 ON P GOTO XyXzYz
21330 Wxy:i
21340 ON P GOTO WxpWyXy
21350 Wxz:I
21360 ON P GOTO WxWzXz
21370 Wyz:!
21380 ON P GOTO Wy,WzYz
21390 Wx:!
21400 T(I,)-W(I)
21410 T(2,1)=X(I)
21420 SUBEXIT
21430 Wy:!
21440 T(ii)=W(1)
214S0 T(2,I)=Y(I)
21460 SUBEXIT
21470 Wz:l
21480 T(I,1)=W(I)
21490 T(2,1)=Z(I)
21S0 SUBEXIT
21Si0 Xy:!
21S20 T(t,1)=X(I)
21530 T(2,i)=Y(I)
21540 SUBEXIT
21SS0 Xz:!
21S60 T(1,1)=X(I)
21570 T(2,t)=Z(I)
21S80 SUBEXIT
21590 Yz:!
21600 T(tpi)=Y(l)
21610 T(2,1)=Z(I)
21620 SUBEND
21640
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21650 SUB Wpf2(W(*).,CpPpWTC*))
21660 1 SELECTS PROPER Tha FROM WrAYPOINT FILE FOR CALCULATION OF
21670 1 THE NFROMh WAYPOINT POSITION USING THE 2-TD FEHG SOLUTION
21690 1 INPUTS:
21690 1 (*); WAYPOINT FILE
21700 I Cl CHAIN CONFIGURATION
21710 1 P; TD PAIR
21720 1 W; WAYPOINT FROM
21730 1 OUTPUT:
21740 1 T(*); 2-TD WAYPOINT FOR WAYPOINT FROM
217S0 ON C GOTO Xyz,Wxy,WxzpbDyz
21760 Xyz: ON P GOTO XypXz,Yz
21770 Wxy: ON P GOTO Wx,lyXy
21780 Wyz: ON P GOTO Wy,Wz,Yz
21790 bjx:!
21800 TCI,1)=W(W,1)
21810 T(2,i)=W(W,2)
21820 SUBEXIT
21830 Wy:!
21840 T(i,1)=W(U,1)
21850 T(21i)=W(W,3)
21860 SUDEKIT
21871 Wi:!
21880 T(1,1)=W(W,l)
21890 T(2,1)=W(W,4)
21900 SUBEXIT
21910 Xy:l
21920 T(i,1)=W(W,2)
21930 TC2,i)=W(W,3)
21940 SUBEXIT
21950 Xz:!
21960 T~i,1)=W(Wp2)
21970 T(2,i)=W(W,4)
21980 SUBEXIT
21990 Yzil
22000 T(1,1)=W(W,3)
22010 T(2,1)=W(W,4)
22020 SUBEND
22040 1
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220S0 SB Rb(XIYIX2tY2,,R
22060 DEG
22070 DEFAULT ON
22080 Dx-X2-XI
22090 Dy-Y2-Yi
22100 R=SQR(Dx^2+DYA2)
22110 B=ATN(Dx/Dy,)
22120 IF Dy(0 THEN B=B+180
22130 IF B(0 THEN 9=94360
22140 SUBEND
22141
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I22720 SUB Project(WUpt(*),U(*),X(*),Y*)Z*)ZX(*)Z(*)CoftZxMJt(*),,NW,u)
22730 OPTION BASE i
22740 DIM T1(400)pT2(400)pT3(400),Dear(4)1 RanqeC4),TC3)
227S0 I REFLECTS TDs MEASURED NEAR A WAYPOINT TO THE WAYPOINT
22760 1TDreflect-TDieos-(h(Zfteas)-h(Zwaypoint))
22770 1 h(Z)-(Range..secondr-Rnenmoster)/Velocitypropogotion
22790 1 CALCULATE hCZirnypoint)
22790 FOR I-I TO 4
22800 CALL Rb(UptCUS),Upt(U,6),ZxnitCI,1) ,Zxnit(I,2),BearCI),Ronqe(I))
22810 NEXT I
:22820 FOR I-I TO 3
228330 TCI)-(RangeCI)-Ranqe(4))/V
22640 NEXT I
22850o i CALCULATE h(Zmeas)-h(Zwoypoint)
22860 FOR 1-1 TO N
22870 FOR J=1 TO 4
22860 CALL Rb(ZxCI) ,Zy(I),Zxmit(3,1),Zxmit(3,2),DeurC3),Ronge(3))
22890 NEXT 3
22900 Ti(I)=(Range~l)-Runge(4))/V-T(I)
22910 T2(I)in(RangeC2)-RongeC4))/V-T(2)

*22920 T3(1)=(Ronge(3)-Ronge(4))/V-T(3)
22930 NEXT I
22940 1 CALCULATE TDrm.us-TDproj
229S0 CALCULATE TDmens-[TDwoypoint+(h(Zmeus)-h(Zwaypoint))I

* I 22960 ON Conf COTO Xyz,Wxy',bxz,Wyz
22970 Xyz:
22980 MAT W=(O)
22990 MAT X=X-Ti
23000 MAT X=X-(Wpi(U,2))

200MAT Y-Y-T2
p 2020MAT Y=Y-(Wpt(W.3))

23030 MAT Z-Z-T3
200MAT Z=Z-(Wpt(W,4))

23050 SUI4EXIT
23060 Wxyt
23070 MAT U-Id-TI
23060 MAT W-W-(Wpl(Wpl))
23090 MAT X=X-T2
23100 MAT X=X-CWpt(W,2))
23110 MAT Y=Y-T3
23120 MAT Y=Y-(Wpt(W,3))
23130 MAT Zin(0)
23140 SUDEXIT
23150 Uxz: 1
23160 MAT U-U-Ti
23170 MAT W-W-(WptUW,I))
23180 MAT X-X-T2
23190 MAT XmX-(Wpi(Wp2))
23200 MAT V=(0)
23210 MAT Z=Z-73
23220 MAT ZNZ-(Wpt(W,4))
23230 SUBEXIT
23240 WY21 I
23250 MAT U-U-TI
23260 MAT W-W-(WptCU,1))
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23270 MAT X-(0)
23280 MAT Y=Y-T2
23290 MAT Y-Y-(Wpt(W#3))
23300 MAT Z=Z-T3
23310 MAT Z=Z-CWpt(W,4))
23320 SUBEND
23321
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23330 SUB Way(SiC*),S2(*),RiC$)1R2(*),NMpCp*))
23340 DEG
233S0 OPTION BASE I
23360 DIMI MC2s,2)pG(2p2)oE(2p1)pW(2,1)
23370 DEFAULT ON
23390 FOR I-1 TO 6
23390 ! CALCULATE WAYPOINT
23400 MCip2)=M(2,2)in-l
23410 MCI,1)-R1(1,I)
23430 E(2pi)=M2(1#1)S(1I-(2)
23420 Etli(,)-R(,ip)*ilISi2
23440 E(2pi )=M(2,i)*S2(lpI)-S2(2pI)
23450 MAT G=INV(M)
23460 MAT W=G*E
23470 1 STORE WAYPOINT
123480 WpC1,I)-W(il)
23490 Ip(2,I)-W(2,1)
23500 IF (Si(1,I)=0) OR (61(2,1)-a) OR (S2(i,1)-C) OR (S2(2,1)in0) THEN Wp(1,l)=0
23510 IF (S(,))OR (Si(2pI)=0) OR (S2(iI)=0) OR (S2(2,E)w0) THEN Up(2,I)=0
23S20 1 CALCULATE CROSSING ANGLES
23530 An=ATN(M(i,i))
23S40 Bn=ATN(M(2,i))
23550 Cn=AI4S(Bn-An)
23S60 1 PRINT An,EBn,Cn
23570 ! IF Cn)90 THEN Cn=i80-Cn
23580 1 CALCULATE DISTANCE BETWEEN WP AND MEAN OF INDEPENDENT VAR
23590 D1=Si(RI(3,I) ,I)-W(Ri(3,I),1)

23610 ! STANDARD DEVIATION OF IND VAR
23620 S1=Si(RI(3,I)+2,I)
23630 S2=S2(R2(3,I)+2,I)
23640 1 VAR OF REGRESSION LINE AT WP
236SO Vi=Ri(2,I)^2*(i/N+DiAl2/(N-2)/S12)
23660 V2=R2(2,I)A2*(1/M+D2A2/(M-2)/S2A2'
23670 ! RMS ERROR OF WAYPOINT
23680 V=Yi+V2
23690 S=SQR(V)
23700 S=S/SIN(Cn)
23710 Wp(3,1)-S
23720 Wp(4,I)-Cn
23730 NEXT I
23740 SUBEND

* 23760 1
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23770 SUB WprintCWp(*))
23780 OPTION BASE I
23790 FOR I=1 TO 4
23800 FOR 3-i TO 6
23810 IF Wp(I,.J))IOA6 THEN bp(I,3)0O
23820 NEXT 3
23830 NEXT I
23840 PRINT RPT#("_2,90)
23850 PRINT LIN(i);-TAB(39);"WAYPOINT SOLUTION"
23860 PRINT RPT$(-_,80)
23870 FIXED 3
23880 PRINT LIN(I;TABMi;"TD PAIROfTAB(20);"WX';TAB(3i);"WY*;TAB(42);"4Z"ITAB(
53);'XY";TAB(64);-"XZM ;TA'(75);,"YZ"I
23890 PRINT LIN(i);TAB(i);"TDW";TA14C15))tp(i,i);TAB(26);Wp(i,2);TAB(37);Wp(i,3)
23900 PRINT LIN(i);,TAB(i);,"TDX";TAB(iS) ;Wp(2,i);-TAB(48);,Wp(i,*4),TAB(59);U.p(I,5*
2391 PRINT LIN(i);TAB(1);"TDYN;TAB(26);Wp(2,2);TAB(48);Wp(2,4);TAB(70);Wp(i,6)
23920 PRINT LIN(i);-TAB(i);T"IDZ";TAB(37);-Wp(2,3);-TAB(S9);*Wp(2,S);,TAB(70);WpC2,6)
23930 PRINT LINMi);TAB(i);'"RMS ERROR";)TAB(i8);,Wp(3,i);,TAB(29);UWp(3,2);-TAB(40);hb
p(3,3 ) ;TAB(SI) ;Wp(3,4) ;TAB(62) ;Wp(3,S) ;TAD(73) ;Wp(3.6)
23940 PRINT LIN(i);TAB(i);"CROSSING ANGL.E";,TAB(i8);,Wp(4,i);pTAB(29)-hip(4,2);ITAB(
40);Wp(4,3);TAE4(Si);Wp(4,4);TAB(62);Wp(4,S);TAB(73);Wp(4,6)
23950 PRIMi RPT$("j'-,80)
23960 PRINT LIN(1)
23970 SUBEND
23971
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23980 SUB Data(W(*),X(*),Y(*),Z(*),NAngDsDeSigmaXit(*),ZP(*),VConf)
23990 DEG
24000 OPTION BASE i
24010 DEFAULT ON
24020 DIM R(4),TI(40O),T2(400)tT3(400),T(3),Zq(2)
24030 9 CALCULATE SAMPLE INTERVAL
24040 Di=(De-Ds)/N
240S0 ! CALCULATE TD SAMPLES
24060 D=Ds
24070 9 CALCULATE h(Zp(*))
24080 FOR J=1 TO 4
24090 CALL Ronge(Zp(i),Zp(2),XMit(J1),XMit(J,2),R(3))
24100 NEXT J
24110 FOR J=1 TO 3
24i20 T(J)=(R(4)-R(J))/V
24130 NEXT J
24140 FOR I=i TO N
24150 DISP I;N
24160 ! CALCULATE Zq(*)
24170 DEG
24180 Zq(i)=D*COS(Ang)/(i.852*60)+Zp(i) I LAT
24190 Zq(2)=D*SIN(Anq)/(i.852*60*COS(Zp(i)))+Zp(2) 9 LON
24200 ! INCREMENi D
24210 D=D+Di
24220 9 CALCULATE NOISE
24230 RAD
24240 Ui=RND
24250 1J2=RND
24260 U3=RND
24270 Ni=(-2*LOG(Ui))AS*COS(2*PI*U2)*SigMo
24280 N2=(-2*LOCG(Ui))A.S*SIN(2*PI*U2)*Sigmo
24290 N3=I-2*LO{'IU2) )AS*SIN(2*PI*U3)*Sigma
24300 1 CALCULATE h(Zq)-h(Zp)+N
24310 FOR 3=i TO 4
24320 CALL Ronge(Zq(t),Zq(2) ,Xmi(Ji) ,Xmit(J,2) R(J))
24330 NEXT 3
24340 Ti(I)=(R(4)-R(i))/V-T(i)+Ni
24350 T2(I)=(R(4)-R(2))/V-T(2)+N2
24360 T3(I)=(R(4)-R(3))/V-T(3)+N3
24370 NEXT I
24380 ! STORE DATA IN PROPER ARRAY
24390 ON Conf GOTO XyzWxyIHxzWyz
24400 Xyzi !
244t0 MAT W=(O)
24420 MAT X=Ti
24430 MAT Y=T2
24440 MAT Z=T3
24450 SUBEXIT
24460 Wxy: !
24470 MAT W=Ti
24480 MAT X=T2
24490 MAT Y=T3
24500 MAT Z=(0)
245. 0 SUBEXIT
24520 Wxz;!
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24530 MAT WnTI
24S40 NAT X.T2
24550 MAT Y-(0)
24560 HAT ZwT3
24S70 SU3EXIT
24S80 Wyzt I
24590 HAT WuTi
24600 MAT X=(0)
24610 MAT Y-T2
24620 MAT Z-T3
24630 SUDEND
24631
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24640 SUB Read aot(W(*),X(*),Y(*)Z(*)TineS(*),SwmplaeF$)
24650 OPTION BASE I
24660 DIN A(100),3(100),C(100),D(OO),T$(C'00)
24670 MASS STORAGE IS ":T140
24690 Sunple-0
24690 HAT WN(O)
24700 MAT X-(O)
24710 HAT Y-(0)
24720 MAT Z-(O)
24730 FOR I-I TO 400
24740 TiMe$(I)-0"
247SO NEXT I
24760 INPUT " FILE NAME? ,pF$

24770 ASSIGN 91 TO F$
24780 ! READ O1;Set
24790 READ Oi;SetSawmple
24800 FOR 3=0 TO 3
24810 ON END 01 GOTO 24830
24820 READ #i;A(*),B(*)pC(*)#D(*)pT$(*)
24830 FOR 1=1 TO 100
24840 W(I+3*1OO)=A(I)
24850 X(I+J*100)=B()
24860 Y(I+3J*00)=C(I)
24870 Z(T+3*10O)=D(I)
24880 TimeS(I+3100)=T$(I)
24890 1 IF ((A(I)=9(I))=C(I))=D(I) THEN SaMple=I-1+3J*iO0
24900 ! IF SaMple(O THEN SUBEXIT
24910 IF I+3*iO0=Sample THEN SUBEXIT
24920 NEXT I
24930 IF 3+1=Set THEN SUBEXIT
24940 NEXT 3
24950 SUBEND
24960 !
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24970 SUB Separote(W(*),X(*),Y(*),Z(*),R1C8),R2(*),TS(*),Wt(*),Xt(*),Yt(S),,Zt(S)

24980 OPTION BASE I
2S000 N-0
25010 MAT kitu(0)
25020 MAT Xtu(0)
25030 MAT Yt-CO)
25040 MAT Ztin(0)
2S04i MAT Rit-CO)
25042 MAT R2tinCO)
25943 FOR 1-1i TO 400
25044 Tt$(X)m""
25045 NEXT I
25050 PRINTER IS 16
25060 PRINT LIN(20);"FOR SUBFILE ENTERt"
25070 INPUT "START SAMPLE NUNBER-,Start
25080 INPUT "STOP SAMPLE NUMBER",Stop
25090 FOR I-Start TO Stop
25100 N=N+i
25110 Wt(N)-Id(I)
25120 Xt(N)=XC1)
25130 Yt(N)=YCI)
25140 Zt(N)=Z(I)
25150 Rit(N)=R1(l)
25160 R2t (N)=R2(i)
25170 Tt$(N)=T$(I)
25190 NEXT I
25210 SUDEND125211 I

A-122



2S220 DEF FNReudyI

I2S230 A-0
2S240 CON Dcsfi$[SQ001,e1.cod*
252S0 IF PO9(Dcon$pCHR$(13)))0 THEN A-I
2S260 RETURN A

I 2S2" I
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PROGRAM APPLICAIOIS

The program "COMPAR" is a collection of special function programs used
to analyze data collected during a Loran-C Harbor Survey with microwave
positioning augmentation. The major functions of the program are to:

a. Calculate vaypoint Loran-C time differences

b. Evaluate the performance of Loran-C positioning against the
microwave reference system (e.g. Mini-ranger)

c. Calculate Loran-C time differences of trackpoints

The following is a set of general procedures to use in applying COMPAR to
analyze data collected during a harbor survey with microwave positioning
augmentation:

Preliminaries. Waypoint table, Loran-C chain data, and Mini-ranger
reference station data files are necqssary for complete data analysis. The
waypoint table file contains time-differences, local xy coordinates,
latitude and longitude for twenty-five waypoints (see K23). The Loran-C
chain data file contains latitude and longitude and power level for three
secondaries and the master and the emission delays for the three secondaries
(see K26). The Mini-ranger reference station files contain the name and xycoordinates of two reference stations and the local origin used to calculate

position using Mini-ranger data (see [28). The waypoint table, Loran-C
chain data, and Mini-ranger reference station data files are prepared during
the survey planning stages. It is convenient to have the waypoint table
file(s), chain data file and reference station file(s) on the same data tape
cartridge.

The Loran-C TD data may be corrected for known offsets during the time
period that data was collected. Offsets can be determined from a local
monitor TD record and data from the system area monitor. Known calibration
errors in the Mini-ranger range data may also be corrected (see [0).

Waypoint TD Calculations: The primary method to calculate waypoint TDs is
to "reflect" TDs collected near a waypoint to the waypoint. The "reflect"
function (see K27) calculates the difference in TDs between the measurement
position and the waypoint position. This difference is applied as a
correction to the measured TDs for each sample. The mean and standard
deviation of the "reflected" TDs are then calculated.

The standard deviation of the reflected TDs should be slightly larger
than the standard deviations of data collected at dockside. Outliers in the
Mini-ranger data is the usual cause of high standard deviations in the
reflected TD data. It is a good practice to plot the xy positions (see K18)
calculated from the Mini-ranger data prior to reflecting the data to the
waypoint. Outliers are easily identified from the plotted data. Another
suggestion is to perform the automatic range outlier edit function (see K16,
option 4) prior to converting the range data to xy positions.
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Data is collected at several points near a vaypoint (typically moored to
or stationed near a buoy in the vicinity of the vaypoint). An optional deta
collection technique is to maneuver the survey vessel in a cloverleaf
pattern centered at the waypoint. Waypoint TD estimates are calculated from
each data file. The results are compared to each as a check for errors.
Agreement to within 20 to 30 nanoseconds of the mean can be expected.
Differences are the results of estimation errors due to noise, uncorrected
TD offsets, the difference in distance between the measurement positions and
the waypoint, uncorrected range errors, etc. It is left to the judgement of
the data analyst hov to combine the.waypoint TD estimates for each data file
to form the final TD estimate. The most straightforward approach is to
average the estimates. Figure 1 is a flow chart for calculating vaypoints
TD.

For each data file collected near the waypoint of interest

Read data file (K)

Correct range data
Correct TD data

Edit data for range errors (K6, option 4)

Convert range data to xy position (Kl)

Plot xy data and check for outliers (K18)

If outliers are detected:

Delete bad samples (K16, options 1 or 2

AND

Recalculate xy position (K1)

Reflect TDs to waypoint of interest (K27)

Calculate final waypoint estimate (i.e. average results
from each data file)

FLOWCHART OF WAYPOINT CALCULATIONS

FIGURE 1
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Comparison of Performance. TD and Mini-ranger data are collected along
chausl edges nd canter ines during a harbor survey with microwave
positioning augmentation. These data files can be used to compare the
position fixes obtained from Mini-ranger and the positions calculated from
the TDs using calculated waypoints. This comparison provides a verification
of the waypoint calculations, a measure of performance which may be expected
using a Loran-C navigation device (e.g. PILOT), and enables the data analyst
to decide if a trackpoint is necessary between waypoints.

The coordinates for waypoints and Mini-ranger reference stations are
based on Army Corps of Engineers (COE) dredging data. The COE coordinates
are in state plane coordinates. These coordinates are translated to local
coordinates by subtracting the state plane coordinates of the local origin
and changing units from feet to kilometers. Waypoints are calculated as the
intersection of channel centerlines.

The position fixes-for Mini-ranger data are computed using trilateration
(see KI). Along and croastrack positions are based on the range and bearing
calculated between tabulated waypoint coordinates.

The Flat Earth Hyperbolic Grid (FEHG) algorithm is used to compute xy
coordinates from TD data (see K17). Inputs to the algorithm are calculated
waypoint TDs, waypoint xy coordinates and transmitter xy coordinates. The
transmitter xy coordinates are referenced to the local origin. The FEHG
algorithm is also used to calculate the coordinates of the next waypoint for
along/cross track calculations.

The function "Compare Mini-ranger and Loran-C Position Data" (see K3)
calculates the difference in xy position and along/cross track position for
each data sample and the mean and rms values of the differences for the data
set. If the Mini-ranger positions are assumed to be "truth," the result is
an evaluation of the accuracy of the Loran-C fixes for the data set. Plots
are provided for the xy "errors" and along/cross track "errors." Plots of
the xy data and along/cross track data are also available (see K18 and K19).

One must be careful to compare "oranges to oranges" when evaluating the
"error' statistics and plots generated by the function K3. The domain in
which a Loran-C harbor navigation device (e.g. PILOT) operates is distances
relative to a trackline defined by two waypoints (i.e. along/cross track).
The xy "error" data is interesting, but its only significance is that the x
and y errors should approach zero near the "TO" waypoint (along track
distance - 0). Large xy errors near the "TO" waypoint is indicative of an
error in the waypoint, the Mini-ranger data, or the Loran-C data.

The along/cross Drack "errors" are the more significant. If both the
waypoint "TO" and "FROM" waypoint calculations are correct, the cross track
distance "errors" at each end of the trackline will be near zero. The along
track distance errors should converge to zero at the "TO" waypoint. Note
that for the Mini-ranger data, along and cross track distance are calculated
using the distance and bearing calculated between the waypoint coordinates
determined from COE dredging data (see Figure 2). For the Loran-C data, the
"TO" waypoint xy coordinates are the same as those used in the Mini-ranger
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Vi - aypoint '"to" xy position'- calculated from COE
dredging data; stored in' vaypoint table

Vi+I - Vaypoint "FROM" zy position; calculated from
COE dredging data; stored in waypoint table

W I W - Vaypoint "FR0OM" KY position calculated using
FMN algorithm relative to Vi

O 0 bearing from Vi to Vi+l

O0 bearing from Vi to Vi*l

a - range from Vi to Vial

- range from Ai to Vi01
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lead data file (K)
Correct range data

Correct TD data

Edit data for range errors (W16, option 4)

Convert range data to zy position (KI)

Convert TD data to xy position (K17)
(Use sam "TO" and "FROM" waypoints as above)

Compare the two sets of xy data (3)

Plot xy data (MIS) - optional

Plot along/cross track data (K19) - optional

If cross track errors are significant

Calculate grid warp (K21)
Calculate track point

SUMMARY OF PROCEDURE TO COMPARE POSITION DATA
CALCULATED FROM MINI-RANGER AND LORAN-C

FIGURE 3
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Trackpoint Calculations. Cross track error is the best measure of the
expected performance of Loran-C navigation between waypoints. The plot of
the cross track errors may exhibit a "bow" between the waypoints. That is,

tht eror will be near zero at both endpoints, and there will be a well
defined offset somewhere near the halfway point. The severity of this bow
and the channel dimensions are the factors which must be evaluated to
determine if a track point is necessary. A trackpoint is basically a
waypoint located on the centerline between two waypoints. The data analyst
determines the location of a trackpoint(s) by inspecting the cross track
error plot. The along track distance where a trackpoint(s) is needed is

recorded. The function, Calculate Grid Warp (see K21), is used to calculate
the difference between the measured TDs and the TDs projected from the
waypoint based on the difference in position between the waypoint and
measurement point. The differences are plotted against along track
distance. Therefore, the correction to be applied at the trackpoint for

each TD can be picked off the error plot at the along track distance the
trackpoint is to be located. The ideal TD at the trackpoint is calculated

using the TD Move (see K24) function. The trackpoint TD is equal to the

ideal TD plus the correction determined from the TD error plot.

Miscellaneous. The mean and standard deviation of TD data collected are
calculated using the function, Stats and Regression of TD Data (see K2).

This function also calculates covariance, correlation coefficients, and
linear regression slopes for each TD pair. The TD data is plotted using the

function, Plot TD Data with Regression Lines (see K4). Residuals for the
linear regression of TD pairs is plotted using the function, Plot Residuals

of TD data (see K5).

The function, Predict TD (see K20), is used to predict the TDs for a
waypoint or any position of interest. The function also outputs ranges and
bearings to the transmitters and geometric dilution of precision (GDOP) for

th: three TD fix and each of the possible two TD fixes.

The function, Link Data Files (see K25), is used to load more than one

data file into computer memory. The function will limit the total number of
samples at 400. The combined data may then be restored on a new file.

The function, Daisy Chain Waypoints (see K25), calculates the position
of one waypoint with respect to another based on the difference in TDs
between waypoints. This function is more frequently used during visual
surveys. However, it is very useful to compare the range and bearing
computed with the range and bearing from COE coordinates as a check of
waypoint calculations. Bearing angles are generally within .5 degrees, and

ranges within 100 meters.

The functions, File or Read WP Data (see K23), Store Chain Data (see
K26), and File or Read Reference Station Data (see K28), are used to file
reference data for further use and to store waypoint data.
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Data Analysis Software

Function: Read Data File

Special function key: K0
Subprograms:

Read (W(*), X(*), Y(*), Z(*), Rl(*), R2(*), Ut(*). NO F$)

The program function reads time-difference (TD), range and time-of-day data
stored on magnetic tape. The range and TD data may be corrected for known
errors. If the range data is corrected, a lower case "r" is annotated to the
file name, F$. If TDs are corrected, a lower case "t" is annotated to F$.

Input parameters:

F$ - File name

Range $ - Indicates if Range data is to be corrected, "Y" - yes, "N". - no.

Rlc - correction to Rl(*)
R2c - correction to R2(*)

Td cort - Indicates if TD data is to be corrected, "Y" = yes, "N" = no.
Wcor - correction to W(*)

Xcor - correction to X"
Ycor - correction to Y(*)
Zcor - correction to Z(*)

Output parameters:

WM* - TDW data
X(*) - TDX data
Y(*) - TDY data

Z(*) - TDZ data
Rl(*) - Range 1 data
R2(*) - Range 2 data

U$(*) - Time-of-day data
N - number of samples

Ft - annotated file name.
F$&'tr" - range data corrected
F$&O"t" = TD data corrected
F$&"rt" - range and TD data corrected.

User Instructions:

Prerequisite functions: None

1. Insert data tape into left hand tape transport.

2. Press K0. The menu is cleared and "READ DATA FILE" appears on the CRT in

inverse video.

3. When "File Name?" appears in display area:

a. Enter: File name
b. Press: CONT

The file is read and the file name and number of samples are printed.
B-8



4. When "CORRECT RANGE DATA? Y OR N" appears in the display area:

a. If you want to correct range data:
(1) Enter: Y
(2) Press: CONT
(3) Go to Step 5
or

b. If you do not want to correct range data:
(1) Enter: N

(2) Press: CONT
(3) -o to Step 7.

5. When "CORRECTION TO Ri (METERS)?" appears in display area:

a. Enter: correction to Range 1 in meters
b. Press: CONT

6. When "CORRECTION TO R2(METERS)? appears in display area:

a. Enter: correction to Range 2 in meters
b. Press: CONT

The corrections entered for Range 1 and Range 2 are printed and titled.

7. When "CORRECTION T0 TDs? Y/N" appears in display area:

a. If you want to correct TD data:

(1) Enter: Y
(2) Press: CONT

(3) Go to Step 8
b. If you do not want to correct TD data:

(1) Enter: N
(2) Press: CONT
(3) Go to Step 12

8. The start and stop times for the data collected will be printed. When
"CORRECTION TO TDW(MICROSEC)?" appears in display area:

a. Enter: correction to TDW data in microseconds

b. Press: CONT

9. When "CORRECTION TO TDX(MICROSEC)?" appears in display area:

a. Enter: correction to TDX data in microseconds

b. Press: CONT

10. When "CORRECTION TO TDY(MICROSEC)?" appears in display area:

a. Enter: correction to TDY data in microseconds
b. Press: CONT
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11. When "CORRECTION TO TDZ(KICROSEC)?" appears in display area:

a. Enter: correction to TDZ data in microseconds

b. Press: CONT

The corrections entered for each TD will be printed and titled.

12. The program function is complete. The function menu is printed on the

CRT.
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Function: Convert Range Data to XY Positions

Special Function Key: KI
Subprograms:

Triangle (R, Rb/100, Rc/lO00, A, B, C)

Position (Zb(*), Alpha, Rc/1000, Sign, B, Zx(I), Zy(I))
Stat mat (Rl(*), R2(*), Zx(*), Zy(*), Stat(*), Cov(*), 0_Set(*), N)
Print- (Stat(*), 0 Set(*), Cov(*), R(*), N, 2)
Ct at (Zx(*), Zy(i), Ctt(*), Att(*), Wpt(Wt,5), Wpt(Wt,6), Wpt(Wf,5),

Wpt(Wf,6), N, R, Angle)
Reg(Stat(M, Coy(W, SMw, R(*), O-set())

This program function converts Miniranger range data to cartesian xy

coordinates relative to a local origin. Cross track and along track data are
also calculated. Trilateration is used to calculate xy position using
distances measured to two reference stations and the distance between
reference stations. Cross track and along track position are calculated
relative to a trackline between two waypoints.

Input parameters:

Rp$ - position reference file which contains name and xy position of

reference stations and local grid origin.
Ref$(*) - names of reference stations and local origin
Ref(*) - xy position of reference stations and loLcal origin
Rl(*) - range data to transponder Rl
R2(*) - range data to transponder R2
File$ - waypoint file name
Fl - indicator if waypoint file has been previously read
Wt - waypoint to for along/cross track calculation
Wf - waypoint from for along/cross track calculations

Wpt(*) - waypoint data array.
Ctat$ - indicates if cross track and along track position is to be

calculated, yes = "Y", no - "N"

Output parameters:

Zx(*), Zy(*) - position coordinates for each data sample
Att(*), Ctt(*) - along and cross track coordinates of each data sample - tt
Stat(*), Cov(*), S(*), R(*), 0 SetC*) - statistics arrays which contain

mean, standard deviation, covariance, correlation coefficients and linear
regression parameters for range and position data (see K2).

Local Variables:

Zb(*) - Local coordinates of the reference station at the B vertex
of the triangle formed by the survey vessel and two reference
stations

Zc(*) - Local coordinates of the reference station at the C vertex

of the triangle formed by the survey vessel and two reference
stations.

R - Range between reference stations (km)
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Alpha - azimuth between reference stations

Point$ - location of Ri transponder
1 - B vertex
2 - C vertex

Point - Location of R1 transponder, B or C

Sign - Normally - 1; if reference station baseline is crossed, change
to -1

Q - Sample number on which the sign is to be reversed

Rb - Side of triangle opposite B vertex (i)

Rc - Side of triangle opposite C vertex (m)

A,B.C - Angles of triangle formed by vessel and two reference stations,
angles are labeled clockwise from vessel

User Instructions:

Prerequisite functions: KO Read Data

1. Press K1. The menu is cleared and "CONVERT RANGE DATA TO XY POSITION"
appears on the CRT in inverse video.

2. When "POSITION REFERENCE FILE NAME?" appears in display area (tape
containing position reference file should be in right hand tape drive):

a. Enter: Position reference file name

b. Press: CONT

The file name is printed on the hard copy printer.

3. The title and position of the reference stations and the local grid origin
and the range and bearing between reference stations are printed on the CRT.
When "IS Rl AT POINT B(1) OR POINT C(2)? 1 or 2" appears in the display area:

a. If the RI transponder was at Point B

(1) Enter: 1
(2) Press: CONT
(3) When "ENTER SIGN, +1 OR -I" appears, enter +1 if ship is above
reference station base line, -1 if below
(4) When "DATA SAMPLE TO CHANGE SIGN" appears, enter the number of
the data sample at which the survey vessel crosses the baseline

"11 TRANSPONDER IS AT POINT B" and "CONVERTING DATA" (Blinking) will be
printed on the CRT display.

b. If the RI transponder was at point C:
(1) Enter: 2
(2) Press: CONT
(3) When "ENTER SIGN, +1 OR -1" appears, enter +1 if ship is above
reference station base line. -1 if below
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(4) When "DATA SAMPLE TO CHANGE SIGN" appears, enter the number of
the data sample at which the survey vessel crosses the baseline

"R1 TRANSPONDER IS AT POINT C" and "CONVERTING DATA" (Blinking) will be
printed on the CRT display.

4. The sample number and the angle A will appear on the display line. When

the calculations are complete, a table of average ranges and xy position and
their standard deviations is printed on the hard copy printer.

6. 'Waypoint file?" Will appear on the display line if it had not been
previously entered

a. Enter: vaypoint file name (tape with waypoint file should be in right
hand tape drive

b Press: CONT

6. When "WAYPOINT TO" appears on the display line:

a. Enter: Waypoint To
b. Press: CONT

7. When "WAYPOINT FROM" appears on the display line:

a. Enter: Waypoint from
b. Press: CONT

8. The program function is complete. The function menu is printed on the CRT.
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Function: Calculate Statistics and Linear Regression of TD Data

Special Function Key: K2

Subprograms:

Hi lo (W(*), N. Bw, Lw)
St7at mat W(*), X(*), Y(*), Z(*), Stat(*), Cov(*), O set(*), N)
Reg TStat(*), Cov(*). S(*). R(*), 0 set(*))
Print (Stat(*), 0_set(*). Cov(*)., R(*), N, V)

This program function calculates statistics, linear regression coefficients.
and minimum and maximum for the four TD arrays. Statistics and regression
parameters calculated are:

a. mean for each TD
b. standard deviation for each TD
c. covariance of TD pairs
d. correlation coefficient of each TD pair
e. linear regression slopes of ekch TD pair
f. standard deviation of residuals for each regression line

Input parameters:

W(*), X(*), Y(*), Z(*) - TD arrays
N - number of samples

Output parameters:

Stat(*) - Summary statistics array containing sums, sums of squares,
mean and standard deviation

O set(*) - First data sample for each TD
Cov(*) - Summary statistics array contains sums of cross products.

covariance, and correlation coefficients of TD pairs
Bw, Bx, By, Bz - Maximum value for each TD array
Lw, Lx, Ly, Lz - minimum value for each TD array.
S(*) - A sumaary statistics array containing mean and standard

deviation for each TD pair
R(*) - An array containing linear regression slope, RMS residuals,

and definition of the independent variable for each TD pair

User Instructions:

Prerequisite functions: KO Read Data

1. Press K2. The menu is cleared and "STATS AND REGRESSION OF TD DATA"
appears on the CRT in inverse video.

2. The file name, start time, stop time, and a tabulation of the statistics
and linear regression parameters for the TDs and TD pairs is printed on the
hard copy printer.

3. The program function is complete. The function menu is printed on the CRT.
B-14
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Function: -Compare Mini-ranger and Loran-C position dato

Special Function Key: K3

Subprograms:

Compar (Poe x(*), Poe_y(*), Zx(*), Zy(*), At(*)s Ct(*)* Att(*), Ctt(*),

F$, N, R)

This program function compares Loran-C derived position with Mini-ranger
calculated position. Mini-ranger positions are assumed to be "truth" and the
difference between the Loran-C position and Mini-ranger position is the

Loran-C position error. Two sets of position errors are calculated. Xy and
along/cross track. The Xy errors are a direct comparison between Mini-ranger
and Loran-C derived positions. The Mini-ranger along/cross track position is
based on the local coordinates of the waypoints. The Loran-C along/cross
track position is based on the difference in TDs between waypoints.

The following parameters are calculatred:

1. average x and y position error
2. rms x and y position error
3. average along and cross track error
4. rms along and cross track error
5. rms radial error based on xy position errors
6. rms radial error base on along/cross track errors

Input variables:

Pos x(*) - Loran-C derived x position
Po y(*) - Loran-C derived y position
Zx(*) - Mini-ranger derived x position
Zy(*) - Mini-ranger derived y position
Ct(*) - Loran-C derived cross track position
At(*) - Loran-C derived along track position
Ctt(*) - Miniranger derived cross track position
Att(*) - Mini-ranger derived along track position
N - Number of samples
F$ - Data file

R - Range between waypoints

User Instructions:

Prerequisite functions: K0 - Read Data
K1 - Convert Range Data to xy Position
K17 - Convert TD data to xy Position

1. Press K3. The menu is cleared and "COMPARE MINI-RANGER AND LORAN-C
POSITIONS" appears on the CRT.

2. A tabulation of Loran-C position error data will be printed on the hard
copy printer.
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3. A plot of x and y errors will appear on the CRT screen. When finished

viewing the plot, press CONT.

4. When "HARD COPY" Y OR N" appears on the display line:

a. If a hard copy of the xy error plot is desired
(1) Enter: Y
(2) Press: CON

b. If no hard copy is wanted:
(1) Sqter: 1

(2) Press: CON

5. A plot of along and cross track errors will appear on the CRT screen.

When finished viewing the plot, press CONT.

6. When "HARD COPY? Y OR N" appears on the display line:

a. If a hard copy of the xy error plot is desired:
(1) Enter: Y
(2) Press: CON?

b. If no hard copy is wanted:
(1) Enter: N
(2) Press: CONT

7. The program function is complete. The function menu is printed on the CRT.
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Function: Plot TD Data with Regression Lines

Special Function Key: K4

Subprograms:

Plot (Lx, Bx, Ly, By, Zaxis, Yaxis, X(*), y(*), Slope, 1, "TDX", "TDY", F1)

The program function plots two of the time-difference arrays against each

other and also plots the linear regression line for the TD pair chosen. The

program automatically scales the plot for the minimum and maximm TDs for each

array. The axes are drawn through the mean for each TD. Minor tic marks are
every microsecond and major tic marks every 10 microseconds.

Parameters:

Plot - TD pair to be plotted

1 - WX; Z - WY; 3 - WZ; 4 XY, 5 = XZ, 6 = YZ

Lw, Lx, Ly, Lz - Minimum TD for each array

Bw, Bx, By, Bz - Maxim TD for each array

5(*) - Statistics summary array containing means and standard deviations for

each pair to TD arrays

R(*) - Regression summary array which contains slopes of regression lines

N - Number of samples

1$ File name

User Instructions:

Prerequisite function: [0 - Read Data File
K2 - Calculate Statistics and Linear

Regression of TD Data

1. Press V4. The menu is cleared and "PLOT TD DATA WITH REGRESSION LINES"

appears on the CRT in inverse video.

2. When "PLOT? WX1, WY2, WZ3, XY4, XZS, YZ6" appears on the display line:

a. Enter: 1-6 depending on which plot is desired
b. Press: CONT

3. The selected TD data will be plotted on the CRT. When finished viewing

the plot:

a. Press: CONT
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4. When "HARD COPY? Y OR N" appears on the display line:

a. If a hard copy of the plot is desired:
(1) Enter: Y
(2) Press: CONT

b. If a hard copy is not desired:
(1) Enter: N
(2) Press: CONT

5. The program function is complete. The function menu is printed on the CRT.
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Function: Plot Residuals

Special Function Key: K5

Subprograms: Rplot(Iv(*). D(*). $(*), R(*), Pr, I, Vi$, VU*, Vt)
li lo (X(*), N. Hi, LO)

This program function plots the residuals from the linear regression of any TD
pair (See K2). The residuals may be plotted against sample number or the
independent variable. Residuals are normalized to the standard deviation of
the residuals. Normalized values greater than 5 are printed on the hard copy
printer and are not plotted.

Variables:

W(*), X(*), Y(*), Z(*) - TD data arrays
8(*) - Statistics summary array
R(*) - Regression sumary array
Pr- TD pair for which residuals are being plotted: 1- WX, 2- WY. 3 WZ,

4 - XY, 5 - XZ; 6 - YZ
N- Numbers of Samples
VlE. V2$ - Names of two TDs for which residuals are being plotted. i.e.

2TDW1, TDX', etc.

F$ - Data file name

User Instructions:

Prerequisite functions:
KO - Read Data
K2 - Calculate Statistics and Linear Regression of TD Data

1. Press KS. The menu is cleared and "PLOT RESIDUALS" is printed on the CRT
in inverse video.

2. When "PLOT? W l, WY2, WZ3, XY4, XZ5, YZ6" appears on the display line:

a. Enter: 1-6 depending on which plot is desired
b. Press: CONT

3. When "PLOT RESIDUALS VS H(1) OR INDEPENDENT VAR(2)?" appears on the
display line:

a. To plot the residuals vs sample number:
(1) Enter: 1
(2) Press: CONT
(3) Go to: Step 4

b. To plot the residuals vs the independent variable:
(1) Enter: 2
(2) Press: CONT
(3) Go to: Step 4

4. The normalized residuals for the selected TD pair regression line will be
plotted on the CRT. When finished viewing the plot:

a. Press: CONT
3-19
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5. When "IARD COPY? Y OR N" appears on the display line:

a. If a hard copy of the plot is desired:
(1) Enter: Y
(2) Press: CONT

b. If no hard copy of the plot is desired:
(1) Enter: N
(2) Press: CONT

6. The program function is complete. The function menu is printed on the CRT.
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Function: Edit Data

Special Function Key: [16

Subprograms:

Delete (W(*)), X(*), Y(*), Z(*), Rl(*), R2(*), Ut(*), N, F)
Delete blok (W(*), X(*), Y(*), Z(*), Rl(*), R2(*), Ut(*). N. i)
Delete-td (W(*), X(*), Y(*), Z(*), Rl(*), R2(*), U$(*), N, F$)

Delete rg (W(*), X(*) Y(*) Z(*.), Rl(*), R2(*), U$(*), N. F$)
Store(W(*), X(*). Y(*5, Z(*), Rl(*), R2(*), U$(*), N, F$)

This program function is used to edit (i.e. remove) samples from the data
arrays. Four options are available to the user:

a. The first option deletes a single data sample in each data array.
b. The second deletes a block of data samples.
c. The third deletes samples with TD samples outside a range that is

input by the operator.
d. The fourth deletes samples with outliers in the range data. The

routine compares each range with the average of the previous and next sample.
If there is a difference of more than 100 meters, the sample is deleted.
Unfortunately, this technique usually deletes the outliers and the sample on
each side of the outlier. This is normally not a significant problem, i.e.
nine samples will be deleted rather than three. The alternative is to detect
the outliers and the corresponding sample number using the Plot KY Position
function (K18) and use the single sample delete option.

When editing of the data arrays is complete, the operator may store the edited
data on a new file for later use.

NOTE: The edit function deletes only data samples. Arrays containing XY and
along/cross track position data are not affected. Functions K and K17 must
be repeated to reflect the result of this editing on the computed positions.

Paramaters:

Edit - Indicates which edit subroutine is to be used.

1 - delete sample by sample
2 - delete block of samples
3 - delete samples with TD values outside limits determined by operator
4 - delete samples with range outliers

W(*), X(*), Y(*), Z(*), Rl(*), R2(*), Ut(*) - Data arrays
N - Number of samples
F$ - Data file name

User Instructions:

Prerequisite functions:

KO: Read Data
Optional: Several other program functions may be run prior to the Edit

function to determine which data samples are to be edited,
e.g. K2, K4, K5, K1, K18
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1. Press: K16. The menu is cleared and "EDIT DATA" appears on the CRT in
inverse video.

2. When "SINGLE LINE1, BLOCK2, TD-CLIP3, OR RANGE4?" appears on the display
line:

a. If you want to delete samples one at a time:
(1) Enter: 1
(2) Press: CONT
(3) Go to Step 3

b. If you want to delete a block(s) of samples:
(1) Enter: 2
(2) Press: CONT
(3) Go to Step 8

c. If you want to delete samples outside a set of TD bounds:
(1) Enter: 3
(2) Press: CONT
(3) Go to Step 11

d. If you want to delete outliers in the range data:
(1) Enter: 4
(2) Press: Cont
(3) Go to Step 15

e. If you want to continue without any editing:
(1) Press: CONT without entering any number
(2) Go to step

3. When "SAMPLE TO BE DELETED? START WITH HIGHEST NUMBER" appears on the
display line:

a. Enter: Sample number
b. Press: CONT

The sample deleted and the number of samples remaining are printed on the hard
copy printer.

4. When "ANOTHER SAMPLE TO DELETE?" appears in the display area:

a. Enter: Y(if another sample is to be deleted) or N
b. Press: CONT
c. If another sample is to be deleted, go to Step 3.

5. When "EDIT MORE DATA? Y or N" appears in the display area:

a. if more data editing is desired:
(1) Enter: Y
(2) Press: CONT
(3) Go to step 2

b. if no more editing is to be performed:
(1) Enter: N
(2) Press: CONT
(3) Go to step 6
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6. When "LIST DATA?" appears in the display area:

a. If a listing of the data is desired:
(1) Enter: Y
(2) Press: CONT. The data is printed on the hard copy printer.

b. If a listing of the data is not desired:
(1) Enter: N
(2) Press: CONT

7. When "STORE EDITED DATA?" appears in the display area:
a. If you want to store the data

(1) Enter: Y
(2) Press: CONT
(3) Go to Step 8

b. If you do not want to store the data
(1) Enter: N
(2) Press: CONT
(3) Go to Step 16

8. Insure that a tape cartridge is loaded into the left hand tape drive.
When "FILE NAME?" appears on the display area:

a. Enter: File name
b. Press: CONT
c. Go to Step 16

9. When "FIRST SAMPLE IN BLOCK?" appears in the display area (if more than
one block is to be deleted, delete the block with the higher sample numbers
first. The array is renumbered after each edit.)

a. Enter: First sample
b. Press: CONT

10. When "LAST SAMPLE IN BLOCK TO BE DELETED" appears in the display area:

a. Enter: Last sample
b. Press: CONT

The block of samples deleted and the numbers of samples remaining are printed
on the hard copy printer.

11. When "ANOTHER BLOCK TO BE DELETED?" appears in the display area

a. If there is more data to be deleted
(1) Enter: Y
(2) Press CONT
(3) Go to Step 9

b. If no more data is to be deleted
(1) Enter: N
(2) Press: CONT
(3) Go to Step 5

12. When "CLIP LIMITS FOR WHICH.,SECONDARY? Wl, X2, Y3, Z4" appears in the
display area:

a. Enter: I through 4 to select the secondary to test for clip
b. Press: CONT
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13. "SITTING CLIP LIMITS FOR ( "will be printed and "CLIP LIMITS? MINAX"
will appear in the display area:

a. Enter: minimum TD, maxim TD
b. Press: CONT

The number of samples deleted and number of samples remaining are printed on
the hard copy printer.

14. When "SET ADDITIONAL CLIP LIMITS?" appears in the display area:

a. If more clip limits are to be set:
(1) Enter: Y
(2) Press: CONT
(3) Go to step 12

b. If no more clipping is to be performed:
(1) Enter: N
(2) Press: CONT
(3) Go to step 5

15. The program will delete what it determines to be range outliers.
Generally an outlier and the sample before and after it will be deleted. The
samples deleted, the total number of samples deleted, and the remaining number
of samples is printed on the hard copy printer.

a. Go to Step 6

16. The program function is complete. The program menu is printed on the CRT.
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Function: Convert TD Data to XY Position

Special Function Key: K17

Subprograms:

Cart coord (Xmit(*), Wpt(25,7), Wpt(25,8), Zxait(*))
Rb (Wpt(Wt.5), Wpt(Wt,6), Zmit(I,l), Zxmit(I,2),Bear(I). Range (1))
G mat (Power(*), V, Range(*), Bear(*), Zp(*) As(*), G123(*) G12(*),

G23(*), GUM()
Wp3 (Wpt(*), Conf, Wt, Tp(*), Zpp(*), L$)
TO3 (WM*, X(*), Y(*) Z(*, 1, Conf, Tq(*))
Fehg (Zxmit(*), Zpp(*), Tp(*, Tq(*), G123(*, Zq(*), V. Nota)
Wp2 (Wpt(*), Conf, Wt. Tpp(*). Pair, Zpp(*), G12(*), G23(*, G13(*), GM*)

L$, Zxmit(*), Zxm(*))
Td2 (w(*), X(*), Y(*), Z(*), I, Conf, Pair, Tqq(*))
Wpf2 (Wpt(*), Conf, Pair, Uf, Tqq(*)
Ct at (Pos -x(*) Posjy(*), Ct(*, At(*, Wpt(Ut,5), Wpt(Wt,6). Zq(l.l),

Zq(2,l), N, R, Angle)
Stat mat (Poo x(*), Posjv(*), CtM*, At(*), Stat(*, Cov(*, 0Oset(*), N)
Reg _(Stat(*), Cov(*), S(*), R(*), 0Oset*)
Track (Stat(*, O-set(*), Cov(*), R(*), Sample, F$, Wt, Wf, Angle, N)
Rotate (Glat, Glon, R(*))
Cart (Plat, Plon, X, Y)
FNGlat (Lat, F)

Pseudo (Glat, Glon, R*, Plat, Plon)

This program function converts Td data to xy and along/cross track positions
using the Flat Earth Hyperbolic Grid (FIUG) algorithm and surveyed vaypoints.
The program will compute either a three or two TD solution. A sumoary table
is printed on the hard copy printer which lists:

-chain and LOPs used in the solution
-file name
-bearing angle between waypoints used for along/cross track calculation
-rms trackline of data
-average cross track position
-standard deviation of cross track position
-average xy position
-standard deviation of xy position data

Function Parameters:

Chain$ - Loran-C transmitting chain file which contains transmitter positions,
power, and emission delays. The convention for naming chain files is a

* four letter code followed by a number from 1 to 4. eg NEUS1. The number
designates the three secondaries utilized: 1 - XYZ, 2 - UXY, 3 -WXZ,
4 - YZ.

Cl -Flag which is set when the Loran-C chain file is read
Pos x(*, Pooy(M - x and y position arrays
At(*), Ct(* -Y Along and cross track position arrays
Xait(*) - Transmitter geodetic positions
Power(* - Transmitter power levels
Bmis(* - Secondary transmitter emission delays
Fl Flag to indicate when the waypoint file is read
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Files Waypoint file name
Wpt(*) - Waypoint data array
Zxmit(*) - Transmitter xy positions referenced to local origin (Wpt(25,7),

Wpt(25,8))
Wt - Waypoint used as reference for TD to Xy calculations
Wf - Waypoint used for along/cross track calculations to Wt
Bear(*) - Bearings from waypoint to transmitters
Range(*) - Ranges from waypoint to transmitters
Zp(*) - XY position of waypoint
V - Velocity of propagation
Aa(*) - Gradient matrix, xy to TD
G123(*) - Three Td gradient matrix. TD to XY
G12(*), G13(*), G23(*) - Two TD gradient matrices, TD to XY
Conf - Chain configuration I - XYZ, 2 - WXY, 3 - WXZ, 4 - WYZ
Ch$ - Abbreviation of chain, eg first four characters of chain$
So - Indicates two or three solution: 2 - 2-TD, 3 - 3-TD
L$ - LOPs used in TD to XY calculation, eg XYZ, YZ, WX, etc.
W(*), X(*), Y(*), Z(*) - TD data arrays
Zq(*) - XY position solution
Tq(*) - 3-TD sample
TQQ(*) - 2-TD sample
Zpp(*) - KY position of waypoint
Tp(*) - 3-TD waypoint
Tpp(*) - 2-TD waypoint
Zxx(*) - Dummy position array
Pair - LOP pair used for TD to xy calculation

If Conf - 1; 1 - XY, 2 - XZ, 3 - YZ
If Conf - 2; 1 - WK, 2 - WY, 3 - XY
If Conf - 3; 1 - WX, 2 - WZ, 3 - YZ
If Conf - 4; 1 - WY, 2 - WZ, 3 - YZ

G(*) - 2TD G matrix used in 2TD solution
Zxmit(*) - Transmitter xy positions
R - Distance between "TO" and "FROM" waypoints
Stat(*), Cov(*), 0 set(*), S(*). R(*) - Arrays containing summary statistics
of xy and along/cross track position
Nsta - Number of secondary stations used in the FEHG computations

User Instruction:

Prerequisite instructions: Read Data, KO

1. Press K17. The menu will be cleared and "CONVERT TD TO XY" will appear on
the CRT in inverse video.

2. When "CHAIN CONFIGURATION? " appears on the display line:

(1) Insure that the tape cartridge containing chain data is
in the right hand tape drive.

(2) Enter: Chain file. Note: Chain files have five character
* names. The first four characters denote the chain, eg NlUS,

SEUS, WCUS. The number following the characters denotes the
secondaries, eg: 1 XYZ, 2 = WXY, 3 = WkZ, 4 - WIYZ

* (3) Press: CONT
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NOTE: Chain configuration data is only read once. The data is stored in
memory for further use. To change chain configuration either:

a. Press: STOP
b. Press: RUN. This clears data memory and "CHAIN CONFIGURATION" will be

requested as above. All other data in memory will also be cleared.
OR

a. Enter: Cl - 0
b. Press: EXECUTE. This clears the flag, Cl, which will cause the

program to branch through the "CHAIN CONFIGURATION?" statement.

3. When "WAYPOINT FILE NAME?" appears in the display area:

a. Insure that the tape cartridge containing waypoint data is
in the right hand tape drive.

b. Enter: Waypoint file
c. Press: CONT

NOTE: Waypoint file data is read only once. The data is stored in memory for
further use.

To change the waypoint file:

a. Press: STOP
b. Press: RUN. This clears data memory and "WAYPOINT FILE" will be

requested as above
OR

a. Enter: Fl - 0
b. Press: EXECUTE. This clears the flag Fl which will cause the program

to branch through the "WAYPOII FILE?" statement.

4. When "WAYPOINT TO?" appears in the display area:

a. Enter: Waypoint number. NOTE: If a comparison of Mini-ranger and1' Loran-C position data is to be made, insure that "TO" and "FROM"
waypoints are consistent. Conversion waypoint is "TO" waypoint.

b. Press: CONT

5. When "WAYPOINT FROM?" appears in the display area:

a. Enter: Waypoint number. See Note above
b. Press: CONT

6. When "TWO OR THREE SOLUTION?" appears in the display area:

a. If a two TD solution is desired:
(1) Enter: 2

(2) Press: CONT
(3) "TWO TD SOLUTION, CHAIN - LOPS = " is printed on

the hard copy printer.
b. If a three TD solution is desired:

(1) Enter: 3
(2) Press: CONT

(3) "THREE TD SOLUTION, CHAIN LOPS = is printed on

the hard copy printer.
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7. The sample number is displayed in display area as the program sequences
through the data arrays. When the calculations are complete, a sumary table
is printed on the hard copy printer which contains:

a. data file name
b. bearing angle between waypoints
c. rms trackline of data
d. average cross track position
e. standard deviation of cross track position
f. average x,y position
g. standard deviation of xy position data

8. The program function is complete. The function menu is printed on the CRT.
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Function: Plot XY Data

Special Function Key: K18

Subprograms:

Hi lo (Posx(*), N, Kaxx, Minx)

Xplot (T, Posx(*), Pos y(*), Minx, Maxx, Miny, Max, y, N, No, F$, Ch$,
L4, Pl)

X.errplot (1, Zx(*), Zy(*), Poo x(*), Pos_y(*), Minx, Maxx, Miny, Maxy, N)

The program function plots the xy data calculated from Loran-C TDs and/or
Mini-ranger data. Four options are available:

1. Mini-ranger data only
2. Loran-C data only

3. Mini-ranger and Loran-C data
4. Error plot

The first two options allow the operator to blow-up a section of the plot, to
find the sample numbers of outliers, and to digitize up to 10 locations on the
plot. A hard copy option is provided with all four plots. The "Error plot"

plots a vector at each sample. The tail of the vector is the mini-ranger

position fix; the head (denoted by a "o") is the Loran-C position fix.

Function parameters:

Pos x(*), Pos Y(*) - xy position calculated from Loran-C data

Zx(*), Zy(*) - xy position calculated from Mini-ranger data
Minx, Miny - Minimum x and y positions

Maxx, Maxy - Maximum x and y positions
T - Line type
N - Number of samples
No - Denotes first or second time data is being plotted

Ch$ - Loran-C chain, eg NEUS, SEUS, etc.
L$ - Loran-C LOPs, eg XY, WX, etc.

P1 - Plot: 1 a Mini-ranger, 2 - Loran-C, 3 = Mini-ranger and Loran-C,

4 -Error Plot

User Instructions:

Prerequisite functions: K0, K1, and K17

1. Press K18: The menu is cleared and "PLOT XY DATA" is printed on the CRT.

2. When "MINI-RANGER 1, CONVERTED LORAN-C2, BOTH3, OR ERROR PLOT4?" appears

on the display line:

a. For a plot of Mini-ranger fixes:

(1) Enter: 1
(2) Press: CONT
(3) Go to Step 3
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b. For a plot of Loran-C fixes:
(1) Enter: 2
(2) Press: CONT
(3) Go to Step 3

c. For a plot of both Loran-C and Mini-ranger fixes:
(1) Enter: 3
(2) Press: CONT
(3) Go to Step 11

d. For an error plot:
(1) Enter: 4
(2) Press: CONT
(3) Go to Step 12

3. The xy data is plotted on the CRT. After viewing the plot:

a. Press: CONT

4. When "ZOOM: Y OR N" appears on the display line:
a. To blow up a section of the plot:

(1) Enter: Y
(2) Press: CONT

b. If a "zoom" or further "zoom" is not wanted
(1) Enter: N
(2) Press: CONT
(3) Go to Step 6

5. When the cursor appears on the CRT, place it at the lower left-hand corner
of the area of the interest using the four directional arrow keys and press
CONT. When the cursor reappears, position it at the upper right hand corner
of the area of interest and press CONT. The selected area is replotted on the
CRT.

Go to Step 3

NOTE: The "zoom" may be repeated several times.

6. When "FIND SAMPLE NUMBER AND VALUE OF PLOTTED DATA POINT?" appears on the
display line:

a. If the sample number of a point on the plot is desired:
(1) Enter: Y
(2) Press: CONT

b. If not:
(1) Enter: N
(2) Press: CONT
(3) Go to Step 8

7. When the cursor appears on the CRT:

a. Center it on the point of interest
b. Press: CONT

The sample number and coordinates will be printed on the CRT. If no data is
printed, try repositioning the cursor closer to the point of interest or
replot the data and use "zoom" to blow up the area around the point of

interest.
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c. Go to Step 6

8. When "DIGITIZE?" appears in the display area:

a. If you want to digitize 1-10 points on the plot:
(1) Enter: Y
(2) Press: CONT

b. If not:
(1) Enter: N
(2) Press: COUT
(3) Go to Step 10

9. When "HOW MANY? 10" appears in the display area:

a. Enter: the number of points to be digitized
b. Press: CONT

When the cursor appears on the CRT, center it over a point of interest and

c. Press: CONT

A plus sign (+) will appear over the data point and the number of points

digitized (1-10) will appear to its right. Continue the procedure until the
number of points to be digitized is complete. A list of the digitized point

coordinates is printed on the hard copy printer.

d. Go to Step 13

10. The plot will reappear on the CRT. When finished viewing the plot press
CONT.

11. The Loran-C and Mini-ranger data converted to xy position is plotted on

the CRT. The Mini-ranger data is the solid line. The Loran-C data is the
dotted line.

Go to Step 13

12. The Loran-C and Mini-ranger xy data is plotted on the CRT in the form of
a vector. The tail of the vector is the Mini-ranger position, the head is the
Loran-C position which is marked with an "o."

13. When "HARDCOPY? Y OR N" appears on the display line:

a. If a hard copy of the plot is desired:
(1) Enter: Y
(2) Press: CONT

b. If not:
(1) Enter: N
(2) Press: CONT

14. The function is complete. The function menu is printed on the CRT.
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Function: Plot Along/Cross Track Data

Special Function Key: K19

Subprograms:

Hi lo (Ct(*), N, Maxc, Minc)
Patct (At(*), Ct(*), N, Nina, Maxa, Minc, Maxc, Wt, Wf, F, R, No. Data)

This program function plots cross track vs along track position. Three
options are available:

1. Mini-ranger data
2. Loran-C data
3. Mini-ranger and Loran-C data

The plots are automatically scaled and labeled.

Function parameters:

At(*), Ct(*) - Along and cross track position arrays calculated from

Loran-C data
Att(*), Ctt(*) - Along and cross track position array calculated from

Mini-ranger data
N - Numbers of samples

Maxc, Maxcc - Maximum cross track distance
Minc, Mincc - Minimum cross track distance

Maxa, Maxaa - Maximum along track distance
Mina, Minaa - Minimum along track distance

Wt - Waypoint to
Wf - Waypoint from
R - Distance between waypoints
F$ - File name
Data - Plot option: 1 - Mini-Ranger, 2 = Loran-C, 3 = Mini-Ranger and

Loran-C

User Instructions:

Prerequisite function: Kl and/or K17

1. Press K19. The program menu is cleared and "PLOT ALONG TRACK CROSS TRACK
DATA" is printed on the CRT in inverse video.

2. When "MINIRANGERI, LORAN-C2, OR BOTH3? 1, 2 OR 3" appears in the display
area:

a. If a plot of the along/cross track positions computed from Mini-ranger
data is desired:

(1) Enter: 1
(2) Press: CONT
(3) Go to Step 3
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b. If a plot of along/cross track positions computed from Loran-C data is
desired:

(1) Enter: 2
(2) Press: CONT
(3) Go to Step 3

c. If a plot of cross/along track positions computed from both
Mini-ranger and Loran-C is desired:

(1) Enter: 3
(2) Press: CONT
(3) Go to Step 3

3. The along/cross track data selected is plotted on the CRT. When finished

viewing the plot:

a. Press: CONT

4. When "HARD COPY? Y OR N" appears in the display area:

a. If a hard copy of the plot is desired:
(1) Enter: Y
(2) Press: CONT

b. If not:
(1) Enter: N
(2) Press: CONT

5. This function is complete. The function menu is printed on the CRT.
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Function: Predict TD

Special Function Key: K20.

Subprograms:

Range (Lat, Lon, Xmit(I,l), Xmit(I,2), Range (I))

Bear (Lat, Lon, Xmit(I,l), Xmit(I,2), Bear(I))
Td (Range(*), V, Emis(*), Td(*))
G mat(Power(*), V. Range(*), Bear(*), Zp(*), A&(*), G123(*), G12(*),

G23(*), G13(*))

This program function calculates predicted TDs for an input latitude,

longitude. The program also outputs range and bearing to transmitter stations
and GDOPs for the three TD and two TD fixes.

Function Variables:

Cl - Chain flag indicates if chain data has been read into memory
Chain$ -Chain name
Xmit(*) - Transmitter positions (latitude, longitude)

Power(*) - Transmitter power
Emis(*) - Secondary emission delays
P- Indicates input position is a waypoint
Fl - Waypoint table flag, indicates waypoint table has been

read into memory
Wpt(*) - Waypoint table
LatLon - Latitude and Longitude of position of interest
DMS - Degrees, Minutes, Seconds
Range (*) - Ranges to transmitters

Bear(*) - Bearings to transmitters
Td(*) - Predicted TDs

As(*) - Gradient matrix; xy to TD
G123(*) - Three TD gradient matrix; TD to XY

G12(*), G13(*), G23(*) - Two TD gradient matrices, TD to XY
Gdop 123 - Three TD Geometric Dilutin of Precision (GDOP)
Gdopl2, Gdopl3, Gdop23 - Two TD GDOPs
Ch- Chain abbreviation, eq NEUS - North East United States
Conf - Indicates three TD configuration: 1 - XYZ, 2 - WXY, 3 WXZ,
4 =WYZ

User Instructions:

Prerequisite functions: None

1. Press K20. The program menu is cleared and "TD PREDICTION" is printed on

the CRT in inverse video.

2. When "CHAIN FILE?" appears in the display area:

(1) Insure that the tape cartridge containing chain data is in the
right hand tape drive
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(2) Enter: Chain file. Note: Chain files have five character
names. The first four characters denote the chain, eg NEUS
SEUS, etc. The number following the character denotes the
secondaries, eg I - XYZ, 2 - WX, 3 - WXZ, 4 - WYZ

(3) Press: CONT

Note: Chain configuration data is read only once. The data is stored in
memory for further use. To change chain configuration either:

a. Press: STOP
b. Press: RUN. This clears data memory and "CHAIN FILE" will be

requested as above. All other data in memory will also be cleared
OR

a. Enter: Cl - 0
b. Press: EXECUTE. This clears the flag Cl which will cause the

program to branch through the "CHAIN FILE" statement.

3. When "IS POINT OF INTEREST ON WAYPOINT FILE? Y OR N" appears in the
display area:

a. If the point of interest is on the waypoint file:
(1) Enter: Y
(2) Press: CONT

b. If not:
(1) Enter: N
(2) Press: CONT
(3) Go to Step 6

4. When "WP FILE NAME?" appears on the display line (see Note below)

a. Insure that the tape cartridge containing waypoint data is in the
right hand tape drive

b. Enter: Waypoint file name
c. Press: CONT

Note: This step is skipped on successive runs of this program function or if
the waypoint file has been read during a previous function.

5. When "WAYPOINT NO.?" appears on the display line:

a. Enter: the waypoint of interest
b. Press: CONT
c. Go to Step 8

6. When "INPUT LAT IN DEGREES, MIN, SEC" appears on the display line:

a. Enter: Latitude of position of interest (Degrees, Minutes, Seconds).
The program assumes North latitude

b. Press: CONT

7. When "INPUT LON IN DEGREES, MIN, SEC" appears on the display line:

a. Enter: Longitude of position of interest (Degrees, Minutes, Seconds).
The program assumes West longitude

b. Press: CONT
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8. The program calculates and prints the following parameters:

a. Predicted time differences. (If a vaypoint is selected, surveyed
TDs are also listed.)

b. Ranges and bearings to transmitters
c. GDOPs for the three TD and each of the two TD combinations.

9. The program function is complete. The program menu is printed on the CRT.
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Function: Calculate TD Grid Warp

Special Function Key: K21

Subprograms:

Cart coord (Xmit(*), Wpt (25,7), Wpt (25,8), Zxmit(*))
Warp (X(*), Y(*), Z(*), Zx(*), Zy(*), Zp(*), T(*), zmit(*). V, N, Att(*),
R, Wt, Wf, Conf, F$)

T_errplot(A(*), B(*), C(M), At(*), R, N, Conf, Wt, Wf, F$)

This program function calculates the difference between measured TDs and TDs
projected from a nearby waypoint. This difference is termed "TD grid warp"
and is basically a measure of the change in Additional Secondary Phase Factor
(ASF) over the area where data was collected. TDs are projected from the
waypoint to the measurement point based on the difference between the measured
and waypoint positions. There is a small error in the calculation due to use
of a flat earth model for transmitter locations. This error is typically less
than 40 nanosec within 12KM of the waypoint.

Function parameters:

W(M), X(*), y(*), Z(*) - TD data arrays
T() - Waypoint TDs
Xmit(*) - Transmitter geodetic coordinates
Zxmit(*) - Transmitter xy position referenced to local origin
Wpt(*) - Waypoint table
Zp(*) - Waypoint position
V - Velocity of propagation
Zx(*), Zy(*) - Measured position arrays
N - Number of samples

Att(*) - Along track distance array
R - Range between waypoints

Wt, Wf - Waypoint to and Waypoint from
Conf - Chain configuration; 1 - XYZ, 2 = WXY, 3 = WXZ, 4 - WYZ
FS - Data file name

User Instructions:

Prerequisite functions:
(1) Read Data; K0

(2) Edit Data; K16 (optional)
(3) Convert Range Data to XY Position; KI

1. Press K21. The menu is cleared and "CALCULATE GRID WARP" appears on the
CRT in inverse video.

2. If "CHAIN FILE?" appears in the display line:

(1) Enter: Five character chain neumonic (eg NEUS1, GILKl, etc.).
Insure that the tape cartridge containing the waypoint file is
in the right hand tape drive.

(1) Press: CONT
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3. The program function uses the "vaypoint to" used for along/cross track
calculations in function [1 as the reference vaypoint. The mean and standard
deviation of the TD errors for each TD is printed on the hard copy printer. A
plot of the smoothed TD errors for each TD is plotted on the CRT. After
viewing the plot:

a. Press: CONT

4. When "HARD COPY? Y OR N" appears on the display line:

a. If a hard copy of the plot is desired:
(1) Enter: Y
(2) Press: CONT

b. If not
(1) Enter: N
(2) Press: CONT

5. The function is complete. The CRT is cleared and the function menu is
printed on the CRT.
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Function: Daisy Chain

Special Function Key: K22

Subprograms:

Cart coord (Xmit(*), Wpt(25,7), Wpt(25,8), Zxmit(*))
Rb(Wpt(Rw,5), Wpt(Rw,6), Zxmit(I,l), Zxmit(I,2), Bear (I), Range (I))
Gmat (Power(*), V, Range(*), Bear(*), Zp(*), Aa(*)), G123(*), G12(*),"GZ3(*), G13(*))

Wp2 (Wpt(*), Conf, Rw, Tpp(*) Pair, Zpp(*), G12(*), G23(*), G13(*), G(*),
L$.Zxmit(*), Zxm(*))

Wpf2 (Wpt(*), Conf, Pair, Iw, Tqq(*))

Wp3 (Wpt(*), Conf, Rw, Tp(*), Zpp(*), L$)
Fehg (Zxmit(*), Zpp(*), Tp(*), Tq(*), G123(*), Zq(*), V, Nsta)
Rotate (Glat, Glon, R(*))
Cart (Plat, Plon, X, Y)
FNGlat (Lat, F)
Pseudo (Glat, Glon, R*, Plat, Plon)

This program function calculates the position of a waypoint based on the

difference in TDs between it and a neighboring waypoint. The Flat Earth

Hyperbolic Grid (FEHG) is used to calculate position coordinates.
Differential xy coordinates, differential latitude and longitude, and range
and bearing between waypoints is also calculated. The user has the option of
inserting the calculated xy coordinates (and latitude longitude) into the

waypoint table, Wpt(*). Note: This function does not restore the new
waypoint table in magnetic tape. If this is desired, function K23 must be
used.

Function variables:

Cl - Status variable which indicates if chain data has been read into
memory

Fl - Status variable which indicates if the waypoint table has been

read into memory
Chain$ - Chain file
Xmit(*), Power(*), Emis(*) - Chain variables; geodetic coordinates, power

levels, and emission delays
Conf - Chain configuration
Ch$ - First four characters of Chain$
Wpt(*) - Waypoint table
Zxmit(*) - Transmitter xy coordinates referenced to local origin (three

TD case)
Rw - Reference waypoint (start)

Iw - Waypoint of interest (stop)
Bear(*), Range(*) - Bearings and ranges to transmitters
Zpp(*), Zp(*) - Reference waypoint position
V - Velocity of propagation
Aa(*), G123(*), G12(*), G13(*), G23(*) - gradient matrices
Zxm(*) - Transmitter xy coordinates referenced to local origin

(two TD case)
So - Indicates two or three TD solution of FEHG

Tpp(*), Tp(*) - Two and three TD waypoints (start)
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Tqq(*), Tq(*) - Two and three TD vaypoints (stop)
Nota - Number of secondary stations used in 1310 computation$
Pair - TD pair (two TD case)
G(*) - Gradient matrix associated with TD pair (Pair)
L$ - Lops e.q. "XYZ," "KY," "XZ," etc.
Zq(*) - Waypoint of interest x, y position
Zxx(*) - Dumy position array
Dx, Dy - Difference in xy position of vaypoints
Dlat, Dlon - Difference in latitude, longitude of waypoints
Lat, Lon - Computed latitude, longitude of waypoint
A - Angle between waypoints
R - Range between wayopints

User Instructions:

Prerequisite functions: assumes a waypoint file has been created and it
contains TDs for the two waypoints and xy positions for the reference waypoint.

1. Press K22. The program menu is cleared and "DAISY CHAIN" appears on the
CRT in inverse video.

2. If "CHAIN FILE?" appears in the display line:

(1) Enter: Five character chain file (e.g. NEUS2, GTLKl, etc.)
Insure that the tape cartridge containing the file is in the
right hand tape drive.

(2) Press: CONT

3. If "WP FILE?" appears in the display area:

a. Enter: Waypoint file name. Insure that the tape cartridge containing
the waypoint file is in the right hand tape drive.

Press: CONT

4. When "INPUT START WAYPOINT NO." appears in the display area:

a. Enter: Start or reference waypoint
b. Press: CONT

5. When "END WAYPOINT" appears in the display area:

a. Enter: Waypoint of interest
b. Press: CONT

6. When "TWO OR THREE TD SOLUTION, 2 OR 3" appears in the display area:

a. If a three TD solution is desired:
(1) Enter: 3
(2) Press: CONT
(3) Go to Step 8

b. If a two TD solution is desired
(1) Enter: 2
(2) Press: CONT
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7. When "INPUT TD PAIR; XYl, XZ2, XY3" appears in the display area:
(The choice of TD pairs depends on the chain configuration, e.g. if Conf = 2,
the choices are WI, WY, XY)

a. Enter: Number corresponding to TD, pair desired
b. Press: CONT

8. A table is printed on the hard copy printer which contains the following
information:

a. the chain and lops used to calculate the waypoint position
b. the number of the vaypoint used as the origin of the local grid
c. the two waypoints numbers
d. the differential xy positions and differential latitude, longitude
e. the angle and range between waypoints
f. the projected waypoint position coordinates based on the waypoint TDs
g. the current values of the waypoint position coordinates

9. When "CHANGE POSITION AND LAT/LON OR WAYPOINT OF INTEREST? Y OR N"
appears on the display line:

a. If you want to change the values
(1) Enter: Y
(2) Press: CONT. Note: the values will be changes in the waypoint

table, but not on magnetic tape. Function K23 must be used to
restore the table on tape.

(3) "WAYPOINT TABLE CHANGED" is printed on the hard copy printer.

10. The program function is complete. The CRT is cleared and the program
menu is printed.
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Function: Waypoint File

Special Function Key: K23

Subprogram:

Wpfile (Wpt(*), Fl, File$)

This program function is used to create waypoint table files and to edit and

restore waypoint table files. It can also be used to obtain a listing of the
waypoint table. The waypoint table is a 25X8 matrix. The first four columns
contain waypoint TD values (TDW, TDX, TDY, TDZ). Columns five and six contain
the xy position referenced to the local origin. Columns seven and eight

contain the latitude and longitude in decimal degrees. Waypoint 25 (e.g. row
25) is designated as the local origin. The latitude and longitude stored in

this location is used by any program function which calculates the local xy
coordinates of the transmitters. If the local origin is also one of a
sequence of waypoints, its parameters will be stored twice, i.e. in row 25 and
in the row corresponding to its logical waypoint number.

Function Variables:

Wpt(*) - Waypoint table
File$ - Waypoint file name
Fl - Indicates if the waypoint file name has been previously entered

User Instructions:

Prerequisite functions: None

1. Press K23. The program menu is cleared and "FILE WAYPOINT DATA" appears
on the CRT in inverse video.

2. If "WAYPOINT FILE NAME?" appears on the display line:

a. Enter: File name (6 characters or less)
b. Press: CONT

When "DOES THIS FILE CURRENTLY EXIST ON TAPE? Y OR N" appears in the display

area:

c. Insure the tape cartridge which contains or is to contain the waypoint
table is in the right hand tape drive.

d. If the file currently exists:
(1) Enter: Y
(2) Press: CONT

e. If not:
(1) Enter: N
(2) Press: CONT
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3. When "WAYPOINT NUMBER?" appears in the display area:

a. Enter: Waypoint number
b. Press: CONT

4. When 'INPUT OR CHANGE TDs? Y OR N?" appears in the display area:

a. If you want to input or change TDs OR if you want to observe the TDs
currently in the table:
(1) Enter: Y
(2) Press: CONT
(3) Go to Step 5

b. If not:
(1) Enter: N
(2) Press: CONT
(3) Go to Step 6

5. When "TDW, TDX, TDY, TDZ?" appears on the display line:

a. If you want to observe what values are currently stored for the
waypoint selected
(1) Press: CONT

The current values will be printed on the hard copy printer.
b. If you want to enter new values or change an old value:

(1) Enter: Td values for TDW, TDX, TDY, and TDZ separated by comas.
All TDs must be entered. If a value is unknown (or a don't
care), enter a 0 in the proper location.

(2) Press: CONT
The TD values entered will be printed on the hard copy printer.
Errors can be corrected in step 10.

6. When "INPUT OR CHANGE XY POSITION? Y OR N" appears on the display line:

a. If you want to input or change the waypoint xy position OR observe the
current value:
(1) Enter: Y
(2) Press: CONT
(3) Go to Step 7

b. If not:
(1) Enter: N
(2) Press: CONT
(3) Go to Step 8

7. When "XY POSITION? E,N" appears in the display area:

a. If you want to observe the current value:
(1) Press: CONT
The vaypoint xy position is printed on the hard copy printer.

b. If you want to change or store new data:
(1) Enter: X position, Y position in kilometers
(2) Press: CONT
The waypoint xy position is printed on the hard copy printer.
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8. When "INPUT OR CHANGE LAT/LON?" appears on the display line:

a. If you want to input or change the waypoint latitude and longitude
OR observe the current values:
71) Enter: Y
(2) Press: CONT
(3) Go to Step 9

b. If not:
(1) Enter: N
(2) Press: CONT
(3) Go to Step 10

9. When "LAT,LON?" appears on the display line:

a. If you want to observe the current value in the table
(1) Press: CONT
The waypoint latitude and longitude are printed on the hard copy
printer.

b. If you want to input or change the waypoint latitude and longitude
(1) Enter: Latitude, longitude. Units are degrees, minutes, seconds

North latitude and West longitude are positive.
(2) Press: CONT

10. When "ANOTHER WAYPOINT? Y OR N" appears on the display line:

a. If you want to enter data for another waypoint OR correct data entered:
(1) Enter: Y
(2) Press: CONT
(3) Go to Step 3

b. If not:
(1) L'iter:. N
(2) Press: CONT

11. When "LIST WAYPOINT FILE? Y OR N" appears on the display line:

a. If you want a listing of the waypoint table:
(1) Enter: Y
(2) Press: CONT

The waypoint table is printed on the hard copy printer.
b. If not:

(1) Enter: N
(2) Press: CONT

12. When "FILE DATA?" appears on the dispiay line:

a. If you want to store or restore the waypoint table on magnetic tape.
(1) Insure the tape cartridge used to store the waypoint is in the

right hand tape drive
(2) Enter: Y
(3) Press: CONT

b. If not:
(1) Enter: N
(2) Press: CONT

13. The program function is complete. The CRT is cleared and the program
menu is reprinted.
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Function: TD MOVE

Special Function Key: K24

Subprograms:

Cart coord (Xmit(*), Wpt(25,7), Wpt(25,8), Zxmit(*))
Rb (Zp(l), Zp(2), Zxmit(I,l) Zxmit(I,2), Bear(I), Range(I))
Rotate (Glat, Glon, R(*))
Cart (Plat, Plon, X, Y)
FNGlat (Lat. F)
Pseudo (Glat, Glon, R(*))

This program function calculates the change in TD from a waypoint to a
position offset from the waypoint. This offset in waypoint position and TD
may be applied to the waypoint table. The change in TDs is calculated based
on the change in distances to the transmitters.

Function Variables:

C1 - Status variable which indicates if chain data has been read into
memory

F1 - Status variable which indicates if the waypoint table has been
read into memory

Chains - Chain file, e.g. NEUS1, GTLK2, etc.
Cht - First four characters of Chain$
Conf- Chain configuration, fifth character of Chain$, 1 - XYZ, 2 - WXY,

3 - W'Z, 4 - WYZ
Xmit(*), Power(*), Emis(*) - Transmitter data: geodetic position, power

level, emission delay
Wpt(*) - Waypoint table

Wp - Waypoint of interest
Move - Indicates if change in position is to be input as dx, dy or

range/bearing
Dx, Dy - Offset in x and y direction from waypoint
R, B - Range and bearing of offset position from waypoint
Zp(*) - Waypoint position and offset position
Zxmit(*) - xy coordinates of transmitters relative to local origin
Bear(*), Range(*) - Ranges and bearings to transmitters
T(*) - Variable to store intermediate calculations and TD offsets
File$ - Waypoint file name
Cor$ - Input variable which indicates if the offset is to be applied as a

correction to the waypoint TD in the waypoint table

User Instructions:

Prerequisite function: none. It is assumed that a waypoint file exists.

1. Press K24. The program menu is cleared and "MOVE: CALCULATES
Tdq - Tdp+h(Zq)-h(Zp)" appears on the CRT.

2. If "CHAIN FILE?" appears on the display line:

(1) Insure tape containing chain file is in right hand tape drive
(2) Enter: Chain file (e.g. NEUS2. GTLKI)
(3) Press: CONT
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3. If "WAYPOINT FILE?" appears on the display line:

a. Insure the tape cartridge containing the waypoint file is in the right
hand tape drive.

b. Enter: Waypoint file name
c. Press: CONT

4. When "WAYPOINT?" appears on the display line:

a. Enter: Waypoint of interest
b. Press: CONT

5. When "Dx/Dy 1 OR RANGE/BEARING 2, 1 OR 2" appears on the display line:

a. If the offset is to be applied in x and y components:
(1) Enter: 1
(2) Press: CONT
(3) Go to Step 6

b. If the offset is to be applied as a range and bearing from the
waypoint:

(1) Enter: 2
(2) Press: CONT
(3) Go to Step 8

6. When "INPUT DX (1M)" appears on the display line:

a. Enter: x direction component of the offset in KM
b. Press: CONT

7. When "INPUT DY (KM)" appears on the display line:

a. Enter: y direction component of the offset in KM
b. Press: CONT
c. Go to Step 9

8. When "RANGE (KM) AND BEARING (DEG)" appears on the display line:

a. Enter: The range in KM and the bearing in degrees separated
by a comma

b. Press: CONT

9. The effect of offsetting the waypoint on the TDs corresponding to the

chain configuration will be printed on the hard copy printer.

10. When "APPLY CORRECTION TO WP? Y OR N" appears on the display line:

a. If you want to change the waypoint parameters to the offset position:
(1) Enter: Y
(2) Press: CONT. (Note: This step does not change the waypoint

data stored on magnetic tape. See K23.)
(3) "WAYPOINT TD AND POSITION CORRECTED" is printed on the hard

copy printer.
b. If not:

(1) Enter: N
(2) Press: CONT
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11. The program function is complete. The CRT is cleared and the program
menu reprinted.
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Function: Link Data Files

Special Function Key: K25

Subprograms:

Link (W(*), X(*), Y(*), Z(*), Rl(*). R2(*), U(*). ,N, F$)
Store (W(*), X(*), Y*), Z(*), Rl(*), R2(*), U*(*), N, Fj)

This program function enables multiple data files to be loaded into memory.
Range and TD data can be corrected for each file entered. The total number of
samples must be equal to or less than 400. The function will automatically
ignore any samples which would cause this limit to be exceeded.

Function Variables:

W(*), X(*), Y(*), Z(*) - TD data arrays
Rl(*), R2(*) - Miniranger data arrays
U$(*) - Time (Julian day:hours:min:sec) data array
N - Total number of samples
F- Final file name

User Instructions:

Prerequisite functions: none

1. Press K25. The program menu is cleared and "LINK DATA FILES" is printed
on the CRT.

2. When "FIRST FILE NAME?" appears on the display line:

a. Enter: File name
b. Press: CONT

3. When "CURRENT FILE - (Current file)" and "CORRECT RANGE DATA? Y OR N"

appears in the display area:

a. If range data is to be corrected

(1) Enter: Y
(2) Press: CONT

b. If not:
(1) Enter: N
(2) Press: CONT
(3) Go to Step 6

4. When "CORRECTION TO Rl(METERS)" appears on the display line:

a. Enter: Correction to Rl data in meters
b. Press: CONT

5. When "CORRECTION TO R2(METERS)" appears on the display line:

a. Enter: Correction to R2 data in meters
b. Press: CONT
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The current file name and corrections are printed on the hard copy printer.

The file name is annotated with an 'Y".

6. When "CORRECT TD DATA?" appears on the display line:

a. If TD data is to be corrected:
(1) Enter: Y
(2) Press: CONT

b. If not
(1) Enter: N
(2) Press: CONT
(3) Go to Step 11

7. The start and stop time for the data collected on the current data file
are printed on the hard copy printer. When "CORRECTION TO TDW(MICROSEC)?"
appears on the display line:

a. Enter: Correction to TDW in microsec.
b. Press: CONT

8. When "CORRECTION TO TDX(MICROSEC)?" appears on the display line:

a. Enter: Correction to TDX in microsec.
b. Press: CONT

9. 16nen "CORRECTION TO TDY(MICROSEC)?" appears on the display line:

a. Enter: Correction to TDY in microsec.
b. Press: CONT

10. When "CORRECTION TO TDZ(MICROSEC)?" appears on the display line:

a. Enter: Correction to TDZ in microsec.
b. Press: CONT

The file name is annotated with a "t" and the corrections entered are printed
on the hard copy printer.

11. A list of tne files linked and total number of samples is printed on the
CRT. When "ANOTHER FILE?" appears on the display line:

a. If another data file is to be entered:
(1) Enter:. Y
(2) Press: CONT

b. If not
(1) Enter: N
(2) Press: CONT
(3) Go to Step 13

12. When "FILE NAME?" appears on the display line:

a. -nter: file name
b. .fess: CONT
c. Go to Step 3
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13. A final list of the files linked and total number of samples is printed
on the hard copy printer. When "STORE DATA SET?" appears on the display line:

a. Ifjou want to store the data on a new file
Enter: Y

(2) Press: CONT
b. If not

(1) Enter: N
(2) Press: CONT
(3) Go to Step 15

14. When "FILE NAME?" appears on the display line

a. Insert a tape cartridge in the left hand tape drive.

b. Enter: file name
c. Press: CONT

15. If the data is not stored on tape, the file name will be the list of

files linked. If the data was stored, the file name returned is the name used
to store the data.

16. The program function is complete. The CRT is cleared and the program

menu reprinted.
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Function: Store Loran-C Chain Data

Special Function Key: [26

Subprograms: None

This program function stores Loran-C chain data (transmitter geodetic

positions, transmitter power levels, and secondary emission delays) on a data

file for later use. File names are a five character neumonic for the

particular Loran-C chain. The first four characters are an abbreviation for

the chain (e.g. NEUS, SEUS, GTLK, etc.). The fifth character is a number from
1 to 4 which designates the configuration of three TDs: 1 - XYZ, 2 - WXY,
3 - WXZ, 4- WYZ.

Function variables:

Chain$ - Five letter chain file

Conf - Chain configuration, fifth character in Chain$

D,M,S - Input variables for degrees, minutes, secondaries when entering

latitude or longitude
Power(*) - Transmitter power levels. P(l), P(2), and P(3) are secondary

transmitters. P(4) is the master transmitter.
Xmit(*) - Transmitter geodetic positions. Xmit(4,1) and Xmit(4,2) are

master latitude and longitude
Emit(*) - Secondary emission delays

Ll$, L2, L3$ - Labels for secondaries, e.g. "TDX"
C$ - Input variable to indicate if data entered is correct

User Instructions:

Prerequisite functions: None

1. Press [26. The program menu is cleared and "STORE CHAIN DATA" is printed

on the CRT.

2. "PLACE TAPE CARTRIDGE IN RIGHT HAND TAPE DRIVE" is printed on the CRT.

When "INPUT CHAIN FILE NAME" appears on the display line:

a. Enter: File name. The file name is a five character neumonic for the
chain of interest. It is important that it be five characters long.
The first four characters are an abbreviation for the chain name. Any

convenient four letter code is acceptable. The fifth character must be
an integer from I to 4. The number designates the secondary data to be

stored (I - XYZ, 2 - WXY, 3 - WXZ, 4 - WYZ) in the first three rows of
Xmit(*), Power(*) and Emis(*).

b. Press: CONT

Note: If the file name is not a valid name, "INPUT CHAIN FILE NAME" will be

repeated.
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3. When "INPUT MASTER DATA" and "MASTER LATITUDE? D,MS" appears in the
display area:

a. Enter: master latitude degrees, minutes, seconds (entries separated by

commas). North latitude is assumed.
b. Press: CONT

4. When "INPUT MASTER LONGITUDE? D,M,S appears in the display area:

a. Enter: master longitude in degrees, minutes, seconds (separated

by commas). West longitude is assumed.
b. Press: CONT

5. When "POWER LEVEL? KW" appears on the display line:

a. Enter: power level of master in kilowatts.
b. Press: CONT

6. The following sequence of input statements will have different secondaries

listed depending on the configuration. The statements below are for Conf 1 I
(e.g. XYZ). The portion of the statement contained within parentheses are for
configurations 2, 3, and 4, respectively.

When "INPUT TDX (TDW,TDWTDW) DATA" and "LATITUDE? D,M,S" appears in the
display area:

a. Enter: secondary X (WW,W) latitude in degrees, minutes, seconds

b. Press: CONT

7. When "LONGITUDE? DMS" appears in the display area:

a. Enter: secondary X (W,WW) longitude in degrees, minutes, seconds

b. Press: CONT

8. When "POWER LEVEL? KWM" appears in the display area:

a. Enter: secondary X (W,W,W) power in Kilowatts

b. Press: CONT

9. When "EMISSION DELAY?" appears on the display line:

a. Enter: secondary X (W,WW) emission delay
b. Press: CONT

10. When "INPUT TDY (TDX,TDXTDY) DATA" and "LATITUDE? D,MS" appears in
the display area:

a. Enter: secondary Y (X,X,Y) latitude in degrees, minutes, seconds
b. Press: CONT

B-52

-..........



11. When "LONGITUDE? D,M,S" appears on the display line:

a. Enter: secondary Y (X,XY) longitude in degrees, minutes, seconds

b. Press: CONT

12. When "POWER LEVEL? KW" appears on the display line:

a. Enter: secondary Y (X,XY) power level in kilowatts

b. Press: CONT

13. When "EMISSION DELAY?" appears on the display line:

a. Enter: secondary Y (X,X,Y) emission delay
b. Press: CONT

14. When "INPUT TDZ (TDYTDZ,TDZ) DATA" and "LATITUDE? D,M,S" appears in the
display area:

a. Enter: secondary Z (Y,Z,Z) latitude in degrees, minutes, seconds

b. Press: CONT

15. When "LONGITUDE? DM,S" appears on the display line:

a. Enter: secondary Z (Y,Z,Z) longitude in degrees, minutes, seconds

b. Press: CONT

16. When "POWER LEVEL? KW" appears on the display line:

a. Enter: secondary Z (Y,Z,Z) power level in kilowatts

b. Press: CONT

17. When "EMISSION DELAY?" appears on the display line:

a. Enter: secondary Z (Y,Z,Z) emission delay
b. Press: CONT

18. A table is printed on the CRT of the data entered. When "IS DATA

CORRECT? Y OR N" appears on the display line:

a. If the data is correct:
(I) Ensure a tape cartridge is in the right hand tape drive

(2) Enter: Y
(3) Press: CONT

b. If not:
(1) Enter: N
(2) Press: CONT
(3) Go to Step 3

19. The program function is complete. The CRT is cleared and the program
menu is printed on the CRT.
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Function: Reflect TDs to Waypoint

Special Function Key: [27

Subprograms:

Cart coord(Xmit(*), Wpt(25,7) Wpt(25,8) Zxmit(*))
Reflect (W, Wpt(*), W(*), X(*), Y(*), Z(*), Zx(*), Zy(*). Conf, Zxmit(*),
N, V)

Rotate (Glat, Glon, R(*))
Cart (Plat, Plon, X, Y)
FNGlat (Lat, F)
Pseudo (Glat, Glon, R(*), Plat, Plon)
Rb (xl. yl, x2, y2, B, R)

This program function reflects each Tb sample to the waypoint selected based
on the position of the measurement relative to the waypoint. The resultant
data arrays are averaged to produce an estimate of the waypoint TDs.

Function variables:

Cl - status variable which indicates if chain data is in memory
Fl- status variable which indicates if the waypoint table is in memory
Chain$ - chain file name
Ch$ - first four characters if Chain$
Conf -chain configuration, fifth character in Chains
Xmit(*), Power(*), Emis(*) - transmitting station parameters: geodetic

position, power level and emission delay
Wpt(*) - waypoint table
File$ - waypoint file name
Zxmit(*) - transmitter xy coordinates referenced to local origin
W - waypoint of interest
W(*), X(*), Y(*), Z(*) - TD data arrays
Zx(*), Zy(*) - measurement position coordinates calculated from Miniranger

data
N - Number of samples

V - Velocity of propagation

F$ - data file name

User Instructions:

Prerequisite functions:

K0 - Read Data
K16 - Edit Data (Optional)
K1 - Calculate XY Position from Range Data

1. Press K27. The CRT is cleared and "REFLECT TDs TO WAYPOINT" is printed on

the CRT.

2. If "CHAIN FILE?" appears on the display line:

(1) Enter: Chain file name
(2) Press: CONT
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3. If "WAYPOINT FILE NAME?" appears on the display line:

a. Enter: waypoint file name
b. Press: CONT

4. When "WAYPOINT WHERE DATA IS TO BE REFLECTED?" appears on the display line:

a. Enter: waypoint number
b. Press: CONT

5. The data file name is annotated with a right bracket symbol and "RESULTS
OF REFLECTING FILE (F$) TDS TO WAYPOINT (W)" is printed on the hard copy
printer followed by the statistics table generated by function [2.

6. The program function is complete. The CRT is cleared and the program menu
is reprinted on the CRT.

Note: The data contained in the TD arrays (W(*), X(*), Y(*), Z(*))) has been
changed.

3-5
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Function: Create or Read Reference Station File

Special Function Key: [28

Subprograms:

Ref-file (Ref(*), Refl(k), F2, Rp$)

This program function is used to store reference station coordinates on a file

for use in converting range data to xy coordinates.

Function variables:

Ref(*) - reference station table. Rows 1 and 2 contain the state plane or

local coordinates of the two reference stations. Row 3 contains
the coordinates of the local origin.

Ref$(*) - reference station identifiers
RpS - reference station file name

User Instructions:

Prerequisite functions: None

1. Press K28. The CRT is cleared and "CREATE OR READ REFERENCE STATION FILE"

is printed on the CRT.

2. When "REFERENCE POSITION FILE NAME?" appears on the display line:

a. Enter: file name
b. Press: CONT

3. When "DOES THIS FILE CURRENTLY EXIST ON TAPE?" appears on the display line:

a. If the file has been previously created:
(1) Ensure the tape cartridge is in the right hand drive
(2) Enter: Y
(3) Press: CONT

b. If not:

(1) Ensure the tape cartridge is in the right hand drive
(2) Enter: N
(3) Press: CONT

4. When "NEW OR ADDITIONAL DATA? Y OR N" appears on the display line:

a. If data is to be entered:
(1) Enter: Y
(2) Press: CONT

b. If not:
(1) Enter: N
(2) Press: CONT

(3) Go to Step 9
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5. When "REFERENCE NO? 1-3" appears on the display line:

a. Enter: reference station number. Numbers 1 and 2 are for the two
reference stations. Reference number 3 is the local origin.

b. Press: CONT

6. When "LABEL?" appears on the display line:

a. Enter: reference station identifier
b. Press: CONT

7. When "X-POSITION?" appears on the display line:

a. Enter: the X(East) position of the reference station in KM with
respect to the local origin or the state plane coordinates in KM.

b. Press: CONT

8. When "Y-POSITION?" appears on the display line:

a. Enter: the Y(North) position of the reference station in KM with
respect to the local origin or the state plane coordinates in KI.

b. PressP CONT
c. Go to Step 4

9. When "LIST DATA?" appears on the display line:

a. If you want a list of the reference station data:
(1) Enter: Y

(2) Press: CONT. The reference station data is printed on

the hard copy printer.
b. If not:

(1) Enter: N

(2) Press: CONT

10. When "FILE DATA?" appears on the display line:

a. If you want to file the data:
(1) Enter: Y
(2) Press: CONT

b. If not:

(i) Enter: N
(2) Press: COlT

11. The program function is complete. The CRT is cleared and the program

menu is reprinted.
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Program COMPAR Subroutines

Name Starting Line NO Program Functions
Bear 10710 K20
Cart 21750 [17,21,22,24,27
Cart coord 22750 K17,21,22,24,27
Compar 26180 K3
Ct at 13970 Kl.17
Delete 14990 K16
Delete blok 17560 K16
Deleterg 22380 K16
Delete td 17980 K16
Dif 18900 K3
Fehgt 12550 K17,22
FNGlat 21900 [17,21,22,24,27
G mat 11150 K17,20,22
Hi lo 9360 [2,3,5,18,19,21
Link 15750 K25
Patct 14240 K19
Plot 9440 [4
Plot err 19130 K3
Position 18830 K1
Print 9040 K1,K2
Pseudo 21410 K17,21,22,24,27
Range 10860 [20
Rb 25510 K17,22,24
Read 15400 KO

Ref-file 21960 [28
Reflect 26470 27
Reg 8710 K1,2,17
Rotate 21600 K17,21,22,24,27
Rplot 9760 [5
Stat mat 16570 K1,2,3,17,21
Store 17130 K16,25
Td 11670 20
Td2 24650 K17
Td3 23440 K17
T errplot 20500 K21
Track 18400 K17
Triangle 18600 K1
Warp 19800 [21
Wpfile 12030 [23
Wpf2 25110 K17,22
Wp2 23770 K17,22
Wp3 23030 K17,22
X errplot 19500 [18
Xplot 13130 K18
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t I COMPARE PROGRAM
2 ! 10 APRIL 1982
3
10 OPTION BASE I
20 DEG
30 DIM W(400),X(400),Y(400)Z(400),R1(400)pR2(400)tU$(400)C14
40 DIM P(4),O_set(4),St t(4,4)Cov(36),S(4,6),R(3,6),0(4)
50 DIM SI(4,6),S2(4,6),Wp(4,6),Wpt(25,8),T(3),Zd(2),F$[BO]
60 DIM Xnit(42),EMis(3),Bear(4),Ranqe(4),Td(3),Power(4) GI23(2,3),G12(2,2
)

70 DIM G13(2,2),G23(2,2),Zxfit(4,2),Zp(2),A(3,2),Posx(400)Pos-y(400),Tp
(3,1),Tq(3,1)
80 DIM Zq(2,1),Zpp(21) ,At(400) Ct(400) Tpp(2,1),Tqq(2,1),Zqq(2,1)
90 DIM Zx(400),Zy(400),Zb(2),Rotate(3,3),Gx(4,2),Px(4,2) Axy(2,2)
100 DIM Tw(2),Zm(2),Zt(2),Ref$(3),Ref(3,2),Att(400) Ctt(400)
110 DIM Zxx(2)1),Zxm(3,2),G(2,2)
120 V-.299792458/1.000338
130 F=.00335278
230
2S0 Keys: i
260 ON KEY *0 GOTO KO
270 ON KEY #i GOTO Ki
280 ON KEY *2 GOTO K2
290 ON KEY #3 GOTO K3
300 ON KEY *4 GOTO K4
310 ON KEY #5 GOTO KS
320 ON KEY #16 GOTO Kt6
330 ON KEY #17 GOTO K17
340 ON KEY #18 GOTO K18
3S0 ON KEY #19 GOTO K19
360 ON KEY *20 GOTO K20
370 ON KEY t21 GOTO K21
380 ON KEY *22 GOTO K22
390 ON KEY #23 GOTO K23
400 ON KEY *24 GOTO K24
410 ON KEY #25 GOTO K25
420 ON KEY #26 GOTO K26
430 ON KEY #27 GOTO K27
440 ON KEY *28 GOTO K28
450 Menu: I
460 MASS STORAGE IS "TIS"
470 PRINTER IS 16
480 PRINT PAGE
490 PRINT " AUGMENTED SURVEYi ANALYSIS 2 "
500 PRINT "KOiREAD TRACKLINE FILE DATA"
510 PRINT "KI:CONVERT RANGE DATA TO XY POSITIONS"
S20 PRINT "K2iSTATS AND REGRESSION OF TD DATA"
530 PRINT "K3:COMPARE MINI-RANGER AND LORAN-C XY POSITIONS"
540 PRINT "K4:PLOT TD DATA WITH REGRESSION LINE"
550 PRINT "KStPLOT RESIDUALS OF TD DATA"
560 PRINT "K16:EDIT DATA"
S70 PRINT "K17tCONVERT TDs TO XY AND AT/CT"
58O PRINT "KIgiPLOT XY DATA"
590 PRINT "K19sPLOT AT/CT DATA"
600 PRINT "K20:PREDICT TD"
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610 PRINT "K21CALCULATE TD GRID WARP*
620 PRINT 'K22iDAISY CHAIN WAYPOINTS"
630 PRINT "K23:FILE OR READ WP DATA"
640 PRINT 'K24:TD MOVE"
650 PRINT *K25:LINK D~ATA FILES*
660 PRINT *K26:STORE CHAIN DATA"
670 PRINT "K27:REFLECT TDS TO WAYPOINT"
680 PRINT "K28;FILE OR READ REFERENCE STATION DATA*
690 Loop: GOTO Loop

B-60



71. C)K 0 1 R~ E::A 1 1 ')TA 1*:- :K L-E:

720 PRINT PAGE
730 PRINT " READ DATAFILE
740 MASS STORAGE IS "%T14"
750 PRINTER IS 0
760 FIXED 2
770 CALL Read(W(*),X(*),Y(*),Z(*),Ri(*),R2(*),US(*),NFS)
780 PRINT "FILE'",F$; TAB(30);"NSAMPLES=";-N
790 Range$="N"
Boo INPUT "CORRECT RANGE DATA?pY OR N-,Range$
810 IF Ronge$="N" THEN Td-cor
820 INPUT "CORRECTION TO Ri(METERS)?--,Ric
830 INPUT "CORRECTION TO R2(METERS)?",R2c
840 PRINT "Ri CORRECTION=";Ric;-TAB(30);-"R2 CORRECTION=";Rac
850 FOR I-i TO N
860 Ri(I)=RI(I)+Rlc
870 R2(1)=R2(1)+R2c
880 NEXT I
690 F=$r
900 Tdcor:: THNMn
910 Td cor$-"N"
920 INPUT "CORRECT TDs? Y/N",Td -cor$

940 PRINT "START TIME=";jU$(i);TAB(30);"*STOP TIMF=";U$(N)
950 INPUT "CORRECTION TO TDW(MICROSEC)?",Wcor
960 INPUT "CORRECTION TO TDX(MICROSEC)?",Xcor
970 INPUT "CORRECTION TO TDY(MICROSEC)?",Ycor
980 INPUT "CORRECTION TO TDZ(MICROSEC)?",Zcor
990 FOR 1=1 TO N
1000 W(I)=J(I)+dcor
1010 X(I)=X(I)+Xcor
1020 Y(I)=Y(I)+Ycor
1030 Z(I)=Z(I)+Zcor
£040 NEXT I
£050 PRINT "TD CORRECTIONS:*";TAB(20);,"Wckr=";Wcor;,TABi35);"Xcor=";Xcor;,TA
B(SO);"Ycor=";Ycor;TAI(65);-"Zcor=";-Zcor

1070 GOTO Menu
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l1. 0 0)C K5z. I :b ) N vI : I~y Ft AN(; E :~3 *T:0 x Y

1110 PRINT PAGE
1120 MASS STORAGE IS ":.TiS"
1130 FIXED 4
1140 PRINT "CONVERT RANGES TO XY POSITION
1150 PRINTER IS 0
1160 INPUT "POSITION REFERENCE FILE NAME?",Rp$
t170 PRINT "POSITION REFERENCE FILE NAME=";Rp$
1180 PRINTER IS 16
1190 ASSIGN 0i TO Rp$
1200 READ #1;RefS(*),Ref(*)
12i0 PRINT "REFERENCE POSITIONS:"l
1220 FOR 1=1 TO 2
1230 PRINT I,Ref$(I),Ref(li))Ref(I,2)
1240 NEXT I
£250 PRINT "LOCAL GRID ORIGION:"
1260 PRINT "3" ,Re-f$(3),Ref(3,1),Ref (3,2)
1270 Zb(i)=Ref(li )-Ref(3,i)
1280 Zb(2)=Ref(1,2)-Ref(3,2)
1290 Zc( 1)=Ref(2,i)-Ref(3, 1)
1300 Zc(2)=Ref(2,2)-Ref(3,2)
1310 ! CALCULATE RANGE AND BEARING BETWEEN REF POINTS
1320 R=SQR( (Zc(1)-Zb(1) )A2+(Zc(2)-Zb(2))A2)
1330 Alpha=ATN( (Zc(1)-Zb(1) )/(Zc(2)-Zb(2)))
1340 IF Zc(2)-Zb(2)(D THEN Alpha=Alpha+180

*13SO IF Alpha(0 THEN Alpha=Alpha+360
1360 PRINT "RANGE-";R,"E4EARING=";,Alpha
1370 Point1i
1390 INPUT "IS RI AT POINT BI OR C2? i OR 2",Point
1390 Point$="B"

*1400 IF Point=2 THEN PointS="C"
1410 PRINT "RI TRANSPONDER IS AT POINT ",-Point$
1420 MAT Zx=(0)

*1430 MAT Zy=(0)
1440 Sign:1
1441 INPUT "ENTER SIGN, +i OR -i",Sign
1442 Q=0

* .1443 INPUT "DATA-SAMPLE TO CHANGE SiGN",Q
1450 PRINT "CONVERTING DATA"

*1460 FOR I=1 TO N
1461 IF I=Q THEN Sign=-Sjqn
1470 IF Poirit=i THEN Rc=Ri(I)
1480 IF Point=i THEN Rb=,R2(I)
1490 IF Point=2 THEN Rc=R2(I)
1500 IF Point=2 THEN Rb=Ri(I)
1510 CALL Triongle(R,Rb/1000,Rc/1000,AB,C)
1520 DISP 10,A
1S30 CALL Position(Zb(*),Alpho,Rc/1000,Sign,B,Zx(I),Zy(l))
1540 NEXT I
1550 PRINTER IS 0
1560 CALL Stot-.mat(Ri(*),R2(*),Zx(*)ZY(*),Stt(*)Cov(*),OsetC*),N)
1570 CALL Req(Stat(*),Co*),S(*),R(*)pOset(*))
1590" CALL Print(Stot(*),O...et(*),CovC*),R(*),,N,2)
1590 IF Fl THEN 1640
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160D INPUT "WAYPOINT FILE NAIIE?-,FileS
1610 ASSIGN *0. TO File$
1620 READ *£;Wpt(*)
£630 Fi1
1640 INPUT "WAYPOINT TOV,Wt
£650 INPUT "WAYPOINT FROM?-",Wf
1660 CALL Ct-at(Zx(*),Zy(*),Ctt(*) ,Att(*),WptCWi,5) ,Wpi(WI,b) ,Wpl(Wf,5) ,W
pt(Wf,6) ,N,R,Angle)
£670 GOTO Menu
1690 1
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1710 MASS STORAGE IS ":T14l'
£720 PRINT PAGE
1730 PRINT " STATISTICS AND REGRESSION OF TD DATA
1740 PRINTER IS 0
1750 CALL Hi -o(W(*),N,Bw,Lw)
1760 CALL Hi - o(X(*),N,Bx,Lx)
1770 CALL Hi -o(Y(*),N,By,Ly)
£780 CALL Hi lo(Z(*),N,Bz,Lz)
£790 CALL Stat..no(W(*),X(*),Y(*),Z(*),Stat(*),Coy(*),O_.et(*),N)
£900 CALL Reg(Stat(*),Cov(*),S(*),R(*),O-set(*))
1810 PRINT "TRACKLINE=";-F$;-TAB(20);'* START TIME="';U$(i);,TAB(50);-" STOP TI
ME=";US(N)
1820 CALL Print(Stat(*) ,Osei(*) ,Coy(*) ,R(*) ,N,i)
£830 GOTO Menu
£849 1
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£960 PRINT PAGE
1670 PRINT " COMPARE MINI-RANGER AND LORAN-C POSITION DATA

1880 CALL Compar(Po..x(*),Pos.y*),X*,y*,t*,t*,t()Ct*
$,N,R)
1890 GOTO Menu
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1910 PRINT PAGE
1920 PRINT PLOT TD DATA WITH REGRESSION LINES
1930 INPUT -PLOT? WXiWY2,WZ3,XY4,.XZSYZ6? Plat
1940 ON Plot GOTO Wx,Wy,Wz,XyXZ,Yz
£950 Wx: PRINT LIN(3)
1960 CALL Plot(LwI9w,Lx,Dx,S(1,i) ,S(2,1) ,W(*) ,X(*) ,R(i,1) ,N,"TDX","TDWM ,
F$)
1970 PRINT LINC3)
1960 COTO Menu
1990 Wy% PRINT LIN(3)
2000 CALL Plot(L-w,EBw,Ly,By,S(1,2),S(2,2),W(*),Y(*),R~i,2),N,TDY, t TDW",
F$)
2010 PRINT LIN(3)
2020 COTO Menu
2030 Wz: PRINT LIN(3)
2040 CALL Plot(Lw,Bw,Lz,Bz,S(i,3)'S(2,3) ,W(*),Z(*) ,R(i,3),N,'TDZ",HTDW"D,
F$)
2050 PRINT LIN(3)
2060 COTO Menu
2070 Xy: PRINT LIN(3)
2080 CALL Plot(Lx,EBx,Ly,EBy,S(i,4) ,S(2,4) ,X(*) ,Y(*) ,R(1,4) ,N,"TDY","TDX',
F$)
2090 PRINT LIN(3)
2100 COTO Menu

2110 Xz1 PRINT L.IN(3)
2120 CALL Plot(Lx,EBx,Lz,Bz,6(1,5) ,S(2,S),X(*) ,Z(*) ,R(1,5),N,"TDZ",'ITDX'I,
F*)
2130 PRINT LIN(3)
2140 COTO Menu
2150 Yz% PRINT LIN(3)
2160 CALL PloN(Ly,By,Lz,EBz,S(1,6),S(2,6),Y(*),Z(*),R(1,6),N,"TDZ","TDYN,
F$)
2170 GOTO Menu
2180
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2220 PRINT PAGE
2230 HcuO
2240 PRINT "PLOT RESIDUALS
22SO INPUT "PLOT? bXi,kY2,IZ3XY4XZStYZ6-,Plot
2260 ON Plot GOTO Rwx,Rwy,Rwz,Rxy,Rxz,Ryz
2270 Rwx: IF R(3,t)=2 THEN Skipi
2280 CALL Rplot(NI(*)X(*),S(*),R(*),1,N,NTDWN,"TDXM ,F$)
2290 PRINT LIN(3)
2300 GOTO Menu
2310 Skipl:CALL Rplot(X(*),W(*),S(*),R(*),i,N,UTDWN,*TDX",F$)
2320 PRINT LIN(3)
2330 GOTO Menu
2340 Rwy: IF R(3,2)=2 THEN Skip2
2350 CALL Rplot(W(*),Y(*),S(*),R(*),2,NOTDW',"TDYM ,F$)
2360 PRINT LIN(3)
2370 GOTO Menu
2380 Skip2:CALL Rplot(Y(*),W(*),S(*),R(*),2,N,"TDW","TDY", F$)
2390 PRINT LIN(3)
2400 QOTO Menu
2410 Rwz: IF R(3,3)=2 THEN Skip3
2420 CALL Rplot(W(*),Z(*),S(IK),R(*),3,N,"TDW","TDZ",FS)
2430 PRINT LIN(3)
2440 GOTO Menu
2450 Skip3:CALL Rplot(Z(*),W(*),S(*),R(*),3,N,"TDW","TDZ",FS)
2460 PRINT LIN(3)
2470 GOTO Menu
2480 Rxy: IF R(3,4)=2 THEN Skip4
2490 CALL Rplot(X(*),Y(*),S(*),R(*),4,N,"TDX","TDY",F$)
2500 PRINT LIN(3)
2510 GOTO MenuI.2520 Skip4:CALL Rplot(Y(*),X(*),S(*),R(*),4,N,"TDX","TDY"-,F$)
2530 PRINT LIN(3)
2540 GOTO Menu
2550 Rxz: IF R(3,S)=2 THEN SkipS
2560 CALL Rplot(X(*),Z(*),S(*),,R(*),S,NIITDX",*TDZ,,F$)
2570 PRINT LIN(3)
2580 GOTO Menu.
2S90 SkipS:CALL Rplot(Z(*),X(*),S(*),R(*),5,N,"TDX","TDZ"1,F$)

*2600 PRINT LIN(3)
2610 GOTO Menu

* 2620 Ryz: IF R(3,6)=2 THEN Skip6
2630 CALL Rplot(Y(*),Z~,(*),S(*),RC*),6,N,"TDYN,"TDZ",F$)
2640 PRINT LIN(3)

*2650 GOTO Menu
2660 Skip6:CALL Rplot(Z(*),Y(*),S(*),R(*),6,N,"TDY","ITD7",F$)
2670 PRINT LIN(3)
2680 GOTO Menu
2690
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2730 MASS STORAGE IS uiT14"
2731 PRINTER IS £6
2740 PRINT PAGE
2750 PRINT "' EDIT TD DATA
2751 Edit=S
2752 SS"mNff-LPRRAG4"E
2760 INPUT "SINGLE LINEIaBLOCK2,TD-LPORRNEEi
2770 ON Edit GOTO Single,Blok,.Clip,Range,More
2771 COTO More
2780 Single:CALL DeleteCU(*),X(*),Y(*),Z(*),Ri(*),R2(*),US(*),NF$)
2790 COTO More
2800 Blok:CALL Deleteblok(W(*) ,X(*) ,Y(*) ,Z(*) ,RI(*),R2(*) U$(*) ,N,F$)
2810 GOTO More
2820 Clip:CALL Delete-td(W(*),X(*),Y(*),Z(*),1 R1(*),R2(*),V$(*),N,F$)
2830 GOTO More
2840 Range;CALL Delete rg(b(*),X(*),Y(*),Z(*),Ri(*),R2(*),U$C*),N,F$)
2850 More:
28s1 INPUT "EDIT MORE DATA? Y OR NB',SS
2852 IF UPCS(SSli;Ll)="Yll THEN K!L6
2853 INPUT "LIST DATA? Y OR N",S$
2654 IF UPC$(SS(1;i)O"Y" THEN Stor
2855 FIXED 2
2856 FOR I=1 TO N
2857 PRINT I;Id(I);X(I);Y(I) ;Z(I);R1(I);R2(I);U$(I)
2856 NEXT I
2860 StorF$=F$&"e*
2868 INPUT B' STORE EDITED DATA? Y OR N ",S$
2870 IF UPCS(S$(t;iI)<)"Y"l THEN Menu
2880 CALL Store(W(*),X(*),Y(*),Z(*),Ri(*),R2(*),US(*),,N,F$)
2890 GOTO Menu
2920
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2940 PRINT PAGE
2950 PRINT a CONVERT Tb TO XY
2960 MASS STORAGE IS ":TiS"
2970 MAT Pos-x-(G)
2980 MAT Posj=0
2990 MAT Ctw(0)
3000 MAT AT-(0)
3010 Chain:
3020 IF Ci-i THEN Wpfile
3040 INPUT "CHAIN FILE".,ChainS
3060 IF LEN(ChainS)O5S THEN Chain
3070 ASSIGN 01 TO Chain$
3075 Ci=i
3080 READ *1;Xmit(*),Power(*),EmisC*)
3090 Wpfile:
3100 IF Fl-I THEN Xmit coord
3110 INPUT "WAYPOINT FILE NAME'?",FileS
3120 FlIn
3130 ASSIGN 0i TO File$
3140 READ ti;Wupt(*)
3150 Xnit coord:
3160 CALL Carl coord(Xmit(*),Wpt(25,7),Wpt(2S,8),Zxnit(*))
3170 Waypoint:
3180 INPUT "WAYPOINT TO ?",Wt
3190 INPUT "WAYPOINT FROM ?",Wf

*3200 Rangebaring: p
3210 FOR 1-1 TO 4
3221 CALL Rb(Wpt(Wt,S),Wpt(Wt,,6) ,Zxmit(I,i),Zxnit(I,2),Deor(I),Range(I)

32750 NEXT I
*3240 G mat:

32S0 Zp~i)=Wpt(Wt,5)
3260 Zp(2)=Wpt(Wt,6)
3270 CALL G mot(Power(*),V,Range(*),beor(*),Zp(*),.Au(*),G123(*),,G12(*),,
G23(*),G13(*))
3280 Configuration:
3290 PRINTER IS D
3310 Conf=VAL(Chain$SS)
3320 Ch$=ChainS[1141
3340 INPUT "TWO OR THREE TD SOLUTION?",So
3350 IF So-2 THEN So2
3360 IF So%3 THEN So3
3370 So3t I THREE TD SOLUTION
3360 CALL Ip3(WptC*),Conf,Wt,Tp(*),Zpp(*),L$)!WdAYPOINT TD
3390 PRINT "THREE TD SOLUTION, CHAIN-";Ch$;" LOPs-*;LS
3400 FOR Irni TO N

*13410 CALL Td3(W(*),XC*),YC*),Z(*),I,,Conf,Tq(*))
3420 CALL Fehq(Zxmit(*) ,Zpp(*) ,Tp(*) TqC*) ,C123(*) ,ZqCS) ,V,3)
3430 Posx(I)=Zq(1)1)
3440 Pots.y(I)-Zq(2pi)
3450 DISP I
3460 NEXT I
3470 PCALCULATE POSITION OF FROM WAYPOINT (Wf)
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3480 CALL Irp3(WptC)ConfWfTq(*),Zxx(*),LS)'IWAYPoINT FROM TD
3490 CALL FehgCZxnit(*),ZppC*),Tp(*),Tq(*).G123(*),ZqC*),V,3 )
3500 GOTO Ct-mv
3510 So2t 1 TWO TD SOLUTION
3S20 CALL 1p2(Wpt(*)pConf,WtTpp(*),Pcair,Zpp(*),G12(*),G23C*),G13C*),G(

3S30 PRINT "TWO TD SOLUTION, CHAIN=";Ch$;- LOPs=O;LS
3S40 FOR 1=1 TO N
3550 CALL Td2(W(*),X(*),Y(*),Z(*),I,Conf,Poir,Tqq(*))
3560 CALL Fehg(Zxf(*),Zpp(*),Tpp(*),Tqq(*),G(*),Zq(*),V,2)
3570 Posx(l)=Zq(i,i)
3580 Posji(I)=Zq(2,i)
3590 DISP 1
3600 NEXT :I
3610 1 CALCULATE POSITION OF FROM WAYPOINT(Wf)
3620 CALL Wpf2(Wpt(*),Conf,Pcxir,Wf,Tqq(*))
3630 CALL Fehg(Zxm(*),Zpp(*),Tpp(*),Tqq(*),G(*),Zq(*),V,2)
3640 ! CALCULATE CROSSTRACK AND AL.ONGTRACK POSITIONS
3650 Ct-oti CALL Ct-a(Posx(),Pos-(,Ct(*),At(*)Wp(W,5),Wpt(W,6),Z
q(l,i),Zq(2,i),N,R,Angle)
3660 DISP R,Angle
3670 CALL St-(Pos~x(*),Pos,C(*),Ct(*),*)Stt(*)COV(*),Ose (*
) ,N)
3680 CALL Reg(Stot(*),Cov(*),S(*),R(*),0.set(*))
3690 PRINTER IS 0
3700 CALL T1rck(Stot(*),O~se?(*),Cov(*),R(*),Sample,F$,Wt,Wf,Anle..N)
3710 G0T0 Menu
3720
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3750 PRINT PAGE
3760 PRINT " PLOT XY*DATA
3770 INPUT T MINI-RANGERI aCONVERTED LORAN-C2,B0T143,OR ERROR PLOT
4?-,P1
3780 ON P1 GOTO 3830,3770,3870,3920
3790 CALL HijloPos~x(*),N,Mxx,Milx)
3800 CALL HijloCPosy*),N,Mxy,Miy)
3810 CALL Xplot(i.Posx(*),Pos L()MfX,~XMfYMOYNiFC $a P

3820 GOTO Menu
3830 CALL Hi o(Zx(*),N,Max,ifx)
3840 CALL Hi-lo(Zy(*),N,Mx,,Miny)
3850 CALL Xplot(1,Zx(*),Zy(*),Minx,tloxx,Miny,McIxy,Na1,F$yCh$,LS,P1)
3860 GOTO Menu
3870 CALL Hijlo(Posx(*),N,Moxx,Minx)
3660 CALL Hi....o(Pos...(*),N,MaxyoMifly)
3890 CALL Xplot(2,Pos-x(*) ,Pos ()MnuxMi tOYN1F$,,Ch$aL$,P

3900 CALL Xplot(1 ,Zx(*) ,Zy(*) ,MinxMcaxx,Miny,MGxy,N,2,F$,Ch$,LS,P1)
*3910 GOTO Menu

3920 CALL Hilo(Pos.x(*),N,Maxx,Milx)
3930 CALL Hi lo(Posi(*),N,Mxy,Mily)

*3940 CALL X.errplot(i,Zx(*),Zy(*),Pos_x(*),PosjI(*),Mflx,Mxx,MiYaMUxy
,N)
39S0 GOTO Menu
3960
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3980 PRINT PAGE
3990 PRINT " PLOT ALONG TRACK CROSS TRACK DATA
4000 INPUT "MINIRANCERI, LORAN-C2 OR BOTH3? 1,2 OR 30",Dao
4010 ON Data GOTO 4020,4060,4100
4020 CALL Hi lo(Ctt(*),N,MaxcMinc)
4030 CALL Hi..1o(Ait(*),N,Mixa,Mina)
4040 CALL Prjtct(Att(*),Ctt(*) ,NMina,Maxo,MincMoxcpWtWf,F,R,,,Doto)
40S0 GOTO Menu
4060 CALL Hilo(Ct(*),N,Maxc,Minc)
4070 CALL Hi~1o(At(*),N,Maxa.Mina)
4080 CALL Patct(At(*),Ct(*),NMina,MaxaMinc,MuxcWt,Wf,F$,R,1,Data)
4081 INPUT "LIST OF ALONG/CROSS TRACK DATA? Y OR N",ILstS
40832 IF UPC$(List$[1;i1)0"Y* THEN Menu
4083 PRINTER IS 0
4084 PRINT "FILE- "iF$
4085 PRINT LIN(1);"SAMPLE";TAI4(20))"ALONG TRACK (KM)";TAE4(40);NCROSS TR
ACK (M)"
4086 PRINT LIN(i)
4087 FOR I-i TO N
4088 PRINT I;TAB(2S);At(I);TAB(45);Ct(I)*i000
40839 NEXT I
4090 GOTO Menu
4100 CALL Hijlo(Ct(*),NpMoxc,Minc)
41L10 CALL Hijlo(Ctt(*),N,MaxccpMincc)
4120 Maxc=MAX(Maxc,Muxcc)
4130 hinc=MIN(Minc,Mincc)
4140 CALL Hilo(At(*),N,Maxz,Mina)
41S0 CALL Hi.1lo(Att(*),N,Maxca,MinaQ)
4160 MQXQ=MAX(MQXG,MGXQQ)
4170 Mina=MIN(Mina,Minaa)
4180 CALL Potct(Att(*),Ctt(* ,N,MinO,MOxa,Minr,Maxc,Wt,Wf,FS,R,1,Data)
4190 CALL. Patct(At(*),Ct(*),NMinQMaxa,linc,MaxcWt,Wf,F$,R,2,Data)
4200 GOTO Menu
4230
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*42SO PRINT PG
4260 PRINT -TD PREDICTION J
4270 HASS STORAGE IS :iTiS"
4280 PRINTER IS 0

*4290 FIXED 3
4300 IF Cl-I THEN Idpfile
4320 Getch:INPUT "CHAIN FILEwpChain$
4340 IF LEN(ChQin$)()5 THEN Getch
43S0 ASSIGN *1 TO Chain$
4355 Ci-I

4360 READ #l;Xmit(*),Power(*),Eis(*)
4370 Wpfile: INPUT "IS POINT OF INTEREST ON WAYPOINT FILE? Y OR N-,PS
4380 IF P$=uN* THEN Input
4390 IF F1=I THEN Jump
4400 INPUT "UP FILE NAME?",File$
4410 Fl-I
4420 ASSIGN O1 TO File$
4430 READ Oi;Wpt(*)
4440 Jumip: INPUT "WAYPOINT NO.?",Wn
4450 La1=Wpt(Wn,7)
4460 Lon=Wpl(Wn,B)
4470 GOTO Td
4480 Input: INPUT '1 INPUT LAT IN DEGREESMINJSEC-,D,MS
4490 Lat=D+M/6D+S/3600
4500 INPUT "INPUT LON IN DEGREES,MIN,SEC-,D,M,S
4510 Lon=-(D+M/60+S/3600)
4520 Td: FOR I1i TO 4
4530 CALL Runge(Lat,LonXmit(I,i),Xmit(I,2),Runge(I))
4540 CALL BearCLat,Lon,Xmit(I,i) ,Xnit(1,2) ,Bear(I))
4550 NEXT I
4560 CALL Td(Range(*),V,Emis(*),Td(*))
4570 CALL G -not(Power(*),VpRonqe(*),Bear(*),Zp(*),Aa(*)..G123(*),Gi2(*),
G23(*),G13(*))
4S80 Gdop:
4590 Gdopi2=(G12(1,i)A2+G12(l,2)A2+G12(2,i)A2+Gi2(2,2)A2)A .S
4600 GdoP13-(GI3(ii)A24Gi3(1,2)^2+Gi3(2, t)42+GI3(202)42)A.S~
4610 Gdop23=(B923(1,i)2+G23(1,2A^2+G23(2,i)A2+G23(2,2)A?)A.S
4620 Gdop123-(Gi23(tl,)A2+Gi23(1,2)A2+Gi23(i,3)^2+Gi23(24i) 2+G123(2,2)
A2+Gi23(2,3)A2)A *5
4630 FIXED 4
46SO Ch$=Chain$[i,41
4660 PRINT "CHAIN-")ChS
4670 PRINT "LAT=";Lot;TAB(iS);"LON=";Lon
4690 FIXED 3
4700 Conf-VAL(Chain$[5,S1)
4710 ON Conf GOTO Txy,2,Twxy,Twxz,Twyz
4720 Txyz:.PRINT "PREDICTED: TDX-";Td(1);TAB(3S);,"TDY=";Td(2)ITA8(SS);"TDZ="

4740 PRINT *SURVEYED: TDX";WptWn,2).TAB(35)"TDY";Wpt(Wn.3;,TAB(SS)
;"TDZa";WptCWn,4)
47S0 PRINT TAFB(20);"RANGE(KM)";TABi(40);"IIEARING(DEG)"
4760 PRINT "IASTER";TA8C20);Range(4);TAB(40);IBeor(4)
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4770 PRINT "X-RAY";TAP(20);-Ronge(1);TAB(40);8ear~i)
4780 PRINT "YANKEE";TAB(20)sRonge(2)iTAB(4O);Bear(2)
4790 PRINT "ZL"TB2)Rne3;A(0;er3
4800 PRINT TAB(22)1"XYZ";TAI(37)rXY"TA(S2);"XZ; TAB(67);"YZ"
48iO PRINT "GDOP(M/NANDSEC)';TAB(20);Gdop123;TAIBC3S);Gdopi2;TAB(SO);Gdop
l3;TA1C6S) ;Gdop23
4820 GOTO Menu
4830 Twxy:PRINT "PREDICTED% TDW=;Td();TA(3S);"TDXin";Td(2);TAB(SS)$'TDY"f
;Td(3)
4840 IF P$-"N" THEN 4860
4850 PRINT "SURVEYEDi TDWI=I;Wpt(Wn,)TAB(3);TDXN ;Wpt(Wn,2);TAli(SS)
j"TDY=" ;Wpt (Wn ,3)
4860 PRINT TAB(20);"RAt4GE(KM)";TAB(40);"E4EARING(DEG)"
4870 PRINT "MASTER';,TAB(2O);,Range(4);TAB(40);,Bear(4)
4880 PRINT "WH]ISKEY";-TAB(20);-Range(i);,TAB(40)IBear(i)
4890 PRINT 'XRAY'"-TAB(20);,Ranqe(2);-TAB(40);-Beur(2)
4900 PRINT "YANKEE";TABt(20);,Range(3);-TAB(40);8Bear(3)

4910 PRINT TA(2-"X"-A(71W*;A(21W"TB6)"Y

4920 PRINT 'GDaP(M/NANOSEC)";TAE4(20);Gdopi23;TAB(3S);Gdopi2;TAB(50);Gdo
p13;TAB(6S) ;Gdop23
4930 GOTO Menu
4940 Twxz:PRINT "PREDICTED: TDWk";Td(i);TAB(3S);'"TDX";Td(2).*TAB(SS);"TDZ="
;Td(3)
4950 IF P$='N" THEN 4970
4960 PRINT "SURVEYED: IDW=";-Wpt(Wn,i);,TAB(3S);,"TDX=";Wpt(Wn,2);TAB(55)

4970 PRINT TAB(20);"RANGE(KM)";,TAB(40);t"F~EARING(DEG)"
4980 PRINT "MASTER";TAB(20);,Ranqe(4);,TAB(40);Beor(4)
4990 PRINT "WVIISKEY";,TAB(20),Reinge(1);,TAB(40);,Bear(i)
5000 PRINT "XRAY";-TAB(,'20);Runge(2);,TAB(4O);,Beur(2)
s0l0 PRINT "ZULU";-TAB(20) ;Range(3);TAI4(4',);BeQr(3)
S020 PRINT TAB(22);"WXZ';TAE(37);"WX"TAB(52);WZ";TAB(67);"XZ"
S030 PRINT "GDOP(M/NANDSEC)";,TAI4(20);,Gdopi23;OTAB(35);*Gdopl2;,TAB4(50);Gdo
p13;TAII(65) ;Cdop23
5040 GOTO Menu
S050 Twyz:PRINT "PREDICTED: TDW=";,Td(i);,TA8(3S);"TDY=";Td(2);tTAB(55);,"TDZ="

;Td (3)
5060 IF P$="1N" THEN 5080

5120 PRINT ZULUTE"TA(20)Range();TA(40)'er()

Si~o PRINT TAB(22);"UYZ";,TAEt(37),"WY;TAB(S2);"W'Z";TAB(67);"YZ"
S140 PRINT "GDOP(M/NONSEC)";TAB(20);Gdop123;TA!I(3S);Gdop12;TA8(S0);Gd*

p13;TAB3(6S) ;Gdop23
5150 GOTO Menu

5160
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5190 PRINT PAGE
5190 PRINT " CALCULATE GRID WARP
5200 MASS STORAGE IS ":TiS"
saio PRINTER 19 0
S220 INPUT CHAIN DATA
S230 IF C1-1 THEN 5310
5250 INPUT "CHAIN FILE?'6,Chain$
S270 IF LEN(ChainS)(>S THEN 5250
5260 ASSIGN 0i TO Chain$
5285 Cli
5290 READ #I;Xmit(*),PowerC*),Emis(*)
S310 Ch$=Chain$1i,43
S320 Conf=VAL(ChainS[S,S3)
S330 1 CALCULATE CARTESIAN COORDINATES OF XMITTERS
5340 CALL Cart-coord(Ximit(*),Wpt(2S,7),Wpt(2S,8),Zxmit(*))
5350 ! REFERENCE WAYPOINT FOR CALCULATIONS
5360 Ww
5370 Zp(1)=Wpt(W,S)
5380 Zp(2)=Wpt(W,6)
5390 ! CALCULATE AND PLOT TD ERRORS
S400 ON Conf GOlD Wxyz,Wwxy,Wwxz,Wwyz
S410 Idxyz:
S420 T(i)=Wpt(W,2)
5430 T(2)=Wpt(W,3)
5440 T(3)=Wpt(W,4)
5450 CALL Warp(X(*) ,Y(*) ,Z(*) ,Zx(*) ,Zy(*) ,Zp(*) ,T(*) ,Zxmit(*) ,Y,N,Att(*
) ,R ,Wt ,Wf,Conf,FS)
5460 GOTO Menu
5470 Wwxy:!
5480 T(i)=UpT(W,i)
5490 T(2)=Wpt(W,2)
5500 TC3)=Wpt(W,3)
5510 CALL Worp(W(*),X(*),Y(*),Zx(*),Zy(*),Zp(*))T(*),Zxmit(*),V,N,Att(*
) ,R ,W1,Wf,Conf)FS)
5S20 GOTO Menu
5530 Wwxzs!
5540 T(l)=Wpt4W~t)
5550 T(2)=Wpi(Wp2)
5S60 T(3)=Wpt(W,4)
S570 CALL Worp(W(*),X(*),Z(*)1 Zx(*),Zy(*),Zp(*),T(*),7.xmit(*),V,N,Att(*
) ,R,Wt,WfoConf,Fs)
5580 GOTO Menu
5590 Wwiyz:!
5600 T(1)=Wpt(Wji)
S610 T(2)mWpi(W,3)
5620 T(3)=Wpt(W,4)
5630 CALL Warp(W(*) ,Y(*) ,Z(*) ,Zx(*) ,Zy(*) ,Zp(*) ,T(*) ,ZxmitC*) ,VN,Att(*
),R,Wt,Wf,Conf,F$)
5640 GOTO Menu
5650
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S680 PRINT PAGE
5690 PRINT "DAISY CHAIN
S700 PRINTER IS 0
S710 MASS STORAGE IS ".:Ti1
5720 INPUT CHAIN DATA
5730 IF Ci=i THEN 5810
57S0 INPUT "CHAIN FILE%,Chain$ 1
S770 IF LEN(Ch'in$)O)S THEN 57S0
5780 ASSIGN *i TO Chain$
S785 Ci=i
S790 READ *1;Xmit(*),Power(*),Emis(*)
5810 Conf=VAL(Chain$ES,S])
5820 Ch$=ChainS[1,4J
S830 INPUT WAYPOINT FILE DATA
5840 IF Fi=i THEN S690
5850 INPUT 11WP FILE?",File$
5860 Fi=i
S870 ASSIGN 41 TO File$
880o READ #i;Wpt(*)

5890 CALCULATE XY COORDINATES OF TRANSMITTERS
5900 CALL Cart coord(Xmit(*),Wpt(25,7),Wpt(2S,B),Zxmit(*))
5910 INPUT START AND STOP WAYPOINTS
5920 INPUT "START WAYPOINT NO.?%,Rw
5930 INPUT "END WAYPOINT ?",Iw
5940 1CALCULATE C-MATRICES FOR Rw
5950 FOR I~-i TO 4
5960 CALL Rb(Wpt(Rw,5),Wpt(Rw,b),Zxmit(li)),Zxmit(I,2),Beur(I),Range(I))
5970 NEXT I
5980 Zp(i)=Wpt(RwS)
5990 Zp(2)=Wpt(Rw,6)
6000 CALL Gma(Power(),,Rne(*),'ear(*),Zp(*),Aa~(*),G123(*),G12(*),G
23(*) ,G13(*))
6010 1INPUT TWO OR THREE TD SOLUTION
6020 INPUT "TWO OR THREE TD SOLUTION? 2 OR 3",So
6030 IF (So(2) OR (So)3) THEN 6020
6040 IF So=2 THEN Ctwo
6050 IF So=3 THEN CThree

* 6060 ICALCULATE POSITION OF Iw
6070 Ctwo: I TWO TD SOLUTION

*6090 CALL Wp2(Wpt(*),Conf,Rw,Tpp(*),Pair,Zpp(*),G12(*),G23C*),G1.3(*),G(
*) ,L$,Zxmit(*) ,Zxm(*))
6090 PRINT -TWO TD S9LUTION, CHAIN=";ChS;-" L-OPs=";L$
6100 CALL Wpf2(Wpt(*),Conf,PairIw,Tqq(*))
6110 CALL Fehg(Zxn(*) ,Zpp(*) ,Tpp(*) ,Tqq(*) ,G(*) ,Zq(*) ,V,2)
6120 GOTO Print
6130 Cthree: I THREE TD SOLUTION
6140 CALL Wp3(Wpt(*) ,Conf,Rw,Tp(*) ,Zpp(*) ,L$)
6150 PRINT "THREE TD SOLUTION, CHAIN=";,Ch$;," LOPs=w)L$
6160 CALL Wp3(Wpt(*),Conf,IwTq(*),.xx(*),L$)L6170 CALL Fehg(Zxmit(*),Zpp(*),Tp(*),Tq(*),G123(*),Zqc*),V,3)
6180 Printi! PRINT RESULTS
6190 DEG
6200 Dx=Zq(i,i)-Wpt(Rw,S)
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62L0 Dy-Zq(2#1)-Wpt(Rw,.6)
6220 Dlat-Dy/(1 .852*60)
6230 Dlon=Dx/(I.852*60*COS(Wpt(Rw,7)))
6240 La=Wpt(Rw7)+Dlat
6250 Lon=WptCRw,B)+Dlon
6260 A-ATN(Dx/Dy,)
6270 IF Di,(0 THEN A=A+i80
6260 IF A<0 THEN A=A+360
.6290 R=SQR(Dx42+DyA"2)
6300 FIXED 0
6310 PRINT "LOCAL. GRID CENTERED AT WP";-2S
6320 PRINT " WAYPOINT";Iw;"REFERENCED TO",;Rw
6330 FIXED 3
6340 PRINT TAB(10);"Dx=";-Dx,'Dy=";Dy;TAB(40);"DIQT=";Dlat,"Dlon=";Dlo
n
63S0 PRINT TAFl(iO);"ANGLE="l;A;," RANGE=";R;"KM(";R/1.B52;"NM,";R/.91.44
; "KYDS)"
6360 PRINT TAft(i0);"X=";,Zq(i,i),"Y=";Zq(2,i);TAB(40);"LAT=";L-ut,"LON=";,
Lon
6370 PRINT "CURRENT CO-ORDINATES:"
6380 PRINT TAB(10);"X=";Upt(Iw,5),"Y=";,Wpt(Iw6);,TAB(40);LAT=";Wpt(Iw,
7), "LON-";Wpt(CIw,8)
6390 INPUT "CHANGE POSITION AND LAT/LON OF WAYPOINT OF INTEREST? Y OR N
.,Ch$
6400 IF Ch$O)"Y" THEN 6460

6410 WpT(Iw#S)=Zq(l,i)II6420 bpt(Iw#6)=Zq(2#i)
6430 Wpt(lw,7)=Lat
6440 Wpl(Iw,B)=Lon
6450 PRINT "WAYPOINT TABLE CHANGED"

6460 GOTO Menu
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634 El 0 K 23 iIW O y1:1 1N 7 11:.-LE

6490 PRINT PAGE
6500 PRINT " FILE WAYPOINT DATA"

I6S10 MASS STORAGE IS ":T15N
6520 CALL Wpfile(Wpt(*),Fi,File$)
6530 GOTO Menu

B- 78



r-.- .363,0 K *0.4 s T1'I> MO:VE:
6570 PRINT PAGE
6580 PRINT N HOVE: CALCULATES Tdq-Tdp+h(Zq)-h(Zp) '
6590 PRINTER IS 0
6600 MASS STORAGE IS ":T15"
6610 FIXED 3
6620 INPUT CHAIN DATA
6630 IF CI=1 THEN 6710
6650 INPUT "CHAIN FILE?",Chnin$
6670 IF LEN(Chain$)()5 THEN 6650
6680 ASSIGN #1 TO Chain$
6685 CI=I
6690 READ #t;XMit(*),Power(*),EMis(*)
6710 Ch$=Chain$[t,4]
6720 Conf=VAL(Chain$S,S])
6730 INPUT WAYPOINT FILE DATA
6740 IF Fi=i THEN 6790
6750 INPUT "WAYPOINT FILE?"F.File$
6760 Fi=i
6770 ASSIGN 01 TO Files
6780 READ #t;Wpt(*)
6790 I INPUT WAYPOINT NUMBER AND OFFSET
6800 INPUT "WAYPOINT?",Wp
6810 INPUT "Dx/Dyt OR Range/Bearing2, £ OR 2",Move
6820 IF (Move<l) AND (Move02) THEN 68t0
6830 ON Move GOTO X_yRb
6840 X_y: INPUT "INPUT Dx(KM)",Dx
6850 INPUT "INPUT Dy(KM)",Dy
6860 GOTO 6900
6870 Rb: INPUT "RANGE(KM) AND BEARING(DEG)",RB
68B0 Dx=R*SIN(B)
6890 Dy=R*COS(B)
6900 ! CALCULATE XY COORDINATES OF TRANSMITTERS
6910 CALL Curt-coord(Xmit(*),Wpt(25,7),Wpt(25,8),ZxMLt(*))
6920 I CALCULATE h(Zp)
6930 Zp(i)=WpT(WpS)
6940 Zp(2)=Wpt(Wp,6)
6950 FOR I=1 TO 4
6960 CALL Rb(Zp(1),Zp(2),ZxMit(II),Zxmit ,I2),Beur(I),Ronge(I))
6970 NEXT I
6980 FOR 1=1 TO 3
6990 T(I)=(Range(I)-Ranqe(4))/V
7000 NEXT I
7010 1 CALCULATE btd=h(Zq)-h(Zp)
7020 Zp(t)-Zp(t)+Dx
7030 Zp(2)=Zp(2)+Dy
7040 FOR I-1 TO 4
7050 CALL Rb(Zp(i),Zp(2),Zxmit(IS),Zxmit(I,2),Bear(I),Range(I))
7060 NEXT I
7070 FOR I=1 TO 3
7080 T(I)-(Range(I)-Ranqe(4))/V-T(I)
7090 NEXT I
7100 ! PRINT RESULTS AND APPLY CORRECTION TO WP(OPTIONAL)
7110 FIXED 3
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7120 PRINT "AT WAYPOINTi";Wp;", A MOVE OF Dx-"ODx;-KM AND Dy M ;j-Dy;,KMN
7130 PRINT "RESULTS IN TD CHANGES(MICROSEC) OFi"
7140 ON Conf GOTO Dxyz,Dwxy,DwxzDwyz
71S0 Dxyz:PRINT TAB(S);m"Dtdx-";T(1);TAD(20);"Dtdy=T2;TA(40)"Dtdzin";T(
3)
7160 INPUT "APPLY CORRECTION TO WP? Y OR N-,Cor$
7170 IF Cor$0)"Y" THEN Menu
7ise Wpt(Wpj2)=Wpt(Wp02)*T(1)
7190 Wpt(Wp,3)=Wpt(Wp,3)+T(2)
7200 Upt(Up04)-Upl(Wp,4)+T(3)
7210 Upt(Up,5)=Zp(1)
7220 Wpi(Wp,6)=ZpC2)
7240 GOTO Done
7250 Dwxy:PRINT TAB(S);"Dtdw=";T(1);TAF(20);"Ddx;T(2);TAB(40;"Dtdy=".T(
3)
7260 INPUT "APPLY CORRECTION TO UP? Y OR N-,Cor$
7270 IF Cor$<)"Y" THEN Menu
7280 Wpt(Wp,l)=Wpi(Wp,t)+T(i)
7290 Wpt(Wp02)=Wpt(Wp02)+T(2)
7300 Wpt(Wp,3)=Wpt(Wp,3)+T(3)
7310 WptCWpS)=Zp(i)
7320 Wpt(Wp,6)=Zp(2)
7340 GOTO Done
73S0 Dwxz:PRINT TAB(S);"Dtdw=";T(1);TAB(20);"Dtdxin";T(2);TAB(40);"Dtdz=";T(
3)
7360 INPUT "APPLY CORRECTION TO WP? Y OR N-,CorS
7370 IF CorSO)"Y" THEN Menu
7380 Wpl(Wp,i)=Wpl(Wp,l)+T(t)
7390 Wpt(Wp,2)-Wpt(Up,2)+#T(2)
7400 Wpi(Wp,4)=Wpt(Up,4)+T(3)
7410 UPT(WP,5)=Zp(i)
7420 Wpt(Wp,6)=Zp(2)
7440 COTO Done
7450 Dwyz:PRINT TAB(S);"Dtdw=";T(1);TAB(20);"Dtdyu";T(2);TAB(40);"Dtdz-";T(
3)
7460 INPUT "APPLY CORRECTION TO UP? Y OR N",Cor$
7470 IF Cor$0)"Y" THEN Menu
7460 Wpt(Wp,l)=WptCWp,1)+T(1)
7490 Wpt(Wp,3)w~pt(Wp,3)*T(2)
7500 Wpt(Wp,4)=Wpt(Wp,4)+T(3)
7510 Upt(Up,5)=Zp(i)
7S20 Wpt(Wp 6)=Zp(?)
7530 Done:PRINT 'UAYPOINT TD AND POSITION CORRECTED"
7540 GOTO Menu
7560 I
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*7S 0 K i 2S l< ID ANK D TA F'X L. E*

7S80 PRINT PAGE
7S90 PRINT " LINK TD DATA FILES "
7600 MAT W=(O)
7610 MAT X-(0)
7620 MAT Y¥(0)
7630 MAT Z-(0)
7640 FOR 1- TO 400
76S0 U$="m
7660 NEXT I
7670 CALL Link(W(*),X(*),Y(*),Z(*),Ri(*),R2(*),U$(*),NF$)
7680 GOTO Menu
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76-90 K d 3 I 3 R TORE. CHA:IN D)ATA

7700 MASS STORAGE IS "iTIS"
7710 PRINTER IS 16
7720 PRINT PAGE
7730 PRINT " STORE CHAIN DATA "

7733 Mask$="XYZWXYWXZWYZ"
7770 INPUT "INPUT CHAIN FILE NAME"NChoin$
7775 IF (VAL(Chcin$[SS))4) OR (VAL(Chain$S,5])(1) OR (LEN(Choin$)()S)
THEN 7770

7777 Conf=VAL(Chain$[SS])
7780 INPUT "IS THIS FILE CURRENTLY ON TAPE?",Q$
7782 IF UPC$(Q$)="N" THEN CREATE Chain$,i
7783 ASSIGN *t TO Chain$
7784 IF UPC$(Q$)="Y" THEN READ *1;Xmit(*),Power(),EEmis(*)
7785 Op:INPUT "MODIFY/CREATEI; LIST2; SAVE3; QUIT4",Opt
7786 IF (Opt(i) OR (Opt>4) THEN Op
7787 ON Opt GOTO CrLst SveMenu
7810 Cr:! INPUT MASTER DATA
7820 PRINT PAGELIN(20)
7821 D=M=S=0
7830 PRINT "INPUT MASTER DATA"
7840 INPUT "LATITUDE? DMJS",DJMJS
7841 IF (D=O) AND (M=O) AND (S=O) THEN 7851
7850 Xmit(4,i)=D4M/60+S/3600
7851 D=M=S=O
7860 INPUT "LONGITUDE? DMS",DMJS
7861 IF (D=O) AND (M=O) AND (S=O) THEN 7880
7870 XMit(4,2)=-(D+M/60+S/3600)
7880 INPUT "POWER LEVEL? KW",Power(4)
7890 ! INPUT SECONDARY DATA
7891 Indx=(Conf-t)*3
7960 FOR 1=1 TO 3
7970 PRINT PAGELIN(20)
8000 PRINT "INPUT TD";Mask$[Indx+I;i3;" DATA"
8001 D=M=S-0
8010 INPUT "LATITUDE? DMS",DMS
8011 IF (D=O) AND (M=O) AND (S=O) THEN 8021
8020 Xmit(I 1)=q+M/60+S/3600
8021 D=M=S=O
8030 INPUT "LONGITUDE? DtMS",D^MS
8031 IF (D-O) AND (M=O) AND (S=O) !HEN 8050
8040 XMit(1,2)=-(D+M/60+S/3600)
8050 INPUT "POWER LEVEL? KW",Power(I)
8060 INPUT "EMISSION DELAY?",EMis(I)
8070 NEXT I
8071 PRINT PAGE
8072 GOTJ Op
8080 Lst: I PRINT DATA TABLE
8081 PRINTER IS 0
8090 PRINT LIN(S);"CHAIN DATA FOR FILE: ";Chains
9100 PRINT LIN(1);"STATION";TAB(t3);"LAT";TAB(32);"LON";TAB(SO);"POWER (K
W)";TAB(64);"EMISSION DELAY"
8160 IMAGE 6AtSXDDDtAADD "' -,DD.DDJ"''"4X0DDD AAJDD$-P "tDD.DD,"''",4
XIDDDDOXDDDDD.DD
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6161 Deg$=CHR$(179)
816S 1-4
8166 GOSUD Unpok
8170 PRINT USING 816Cl"MASTER",Degi,Deg$,Min1,SeclDog2,Deg$;Min2p9ec2,Po
wer (I)
8190 FOR 1-i TO 3
8 181 GOSUD Unpak
9192 PRINT USING 8i60;Mask$[Indx+I;11.,Deg1,Deg$,Kin1,Sec1,Deg2,Deg$,Min2,
Sec2,Power(I) ,EtisCI)
9193 NEXT I
8200 PRINT LIN(S)
6201 PRINTER IS 16
8210 GOTO Op
8220 Unpoks!
8221 Degl=INT(Xmit(I,1))
9222 tini-INT(FRACT(Xmit(l,1))*60)
8223 Seci-FRACT(FRACT(Xmit(I,i))*60)*60
93224 Deg2=INT(-Xmit(1,2))
9225 ?in2=INTFRACT(-Xmit(I,2))*60)
9226 Sec2=FRACT(FRACT(-Xmit(I,2))*60)*60
8227 RETURN
8229 i
8240 Svetl FILE DATA
8260 ASSIGN 01 TO Chain$
8270 PRINT t1;Xftit(*),Power(*),E'is(*)
8280 GOTO Mlenu
9300
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GZ53. 0 Kd0 7 1 1 ^ REF.I:?L..ECT 1"1)i TO WAYPOXNT

8320 MASS STORAGE I8 ":TISO
8330 PRINT PAGE
8340 PRINT " REFLECT TDS TO WAYPOINT
8350 ! INPUT CHAIN DATA
I8360 IF Cl-i THEN 8440
8380 INPUT mCHAIN FILE",Chain$
8400 IF LEN(Chain$)()S THEN 8380
8410 ASSIGN #1 TO Chains
8415 Ci-I
8420 READ *ltXmit(*),Power($)pEmis(*)
8440 Conf=VAL(Chain$[SpS])
8450 Ch$=Chain$i,4]
8460 ! INPUT WAYPOINT FILE DATA
8470 IF Fl-i THEN 8520
8480 INPUT "WAYPOINT FILE NAME?"pFile$
8490 Fl-I
8S00 ASSIGN #1 TO File$
8510 READ tt;Wpt(*)
8520 ! CALCULATE XY COORDINATES OF XMITTERS
8530 CALL Cart coord(XMit(*),Wpt(257),Wpt(2S,8),Zxmit(*))
8S40 ! INPUT WAYPOINT OF INTEREST
8SS0 INPUT "WAYPOINT WHERE DATA IS TO BE REFLECTED?",W
8560 ! CALCULATE REFLECTED TD ARRAYS
8570 CALL Reflect(W,Wpt(*),W(*),X(*),Y(*),Z(*),Zx(*),Zy(*),Conf,Zxnit(*),N
,V)
8S80 1 CALCULATE STATS AND PRINT RESULTS
8S90 PRINTER IS 0
8600 PRINT "RESULTS OF REFLECTING FILE ";F$)"TDs TO WAYPOINT";W
8610 F$=F$&")"
8620 PRINTER IS 16
8630 GOTO K2 I CALCULATE STATS
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*(3640 K20%1 C. CR EKAT'Y: R E-Fr 0rTA FI L-r

86S0 PRINT PACE
8660 PRINT aCREATE OR READ REFERENCE STATION FILE
8670 MASS STORAGE IS "T iS m

9680 CALL Reffil(Ref(*)Ref(*)#Rp$)
9690 GOTO Menu
9700 END
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6710 SUB Req(Stot(*),CoV(*),9(*),R(*),OffSet(*))
8720 OPTION BASE 1
9730 DEFAULT ON
8740 S11m~,)C,)ntt3i+f~t1
87S0 S(1,.4)-SIS)Stcat(3,2)+OffsetC2)
8760 S(i1,6)-StatC3,3)+Offset(3)
9770 SC2,1)-StatC3.2)+Offset(2)
6790 S(2,2)-S(2,4)-Stat(3,.3)+OffsetC3)
8790 SC2,3)=S(2,5)-S(2,6)-Stut(3,4)+Offset(4)
800 S(3,1)=S(3,2)=S(3,3)=Stat(4,1)
6810 S(3,4)=S(3,S)=Stat(402)
9820 SC3,6)=Stat(4,3)
9930 S(4,I)=Stat(4, 2)
8840 S(4,2)=S(4,4)=Stat(4,3)
8850 SC4,3)-S(4,S)=S(4,6)nStatC4t4)
8860 FOR I=i TO 6
8870 Ind-var t
8880 lu-I
8890 D-2
8900 IF 9(4,1))S(3,I) THEN IY=2
8910 IF S(4tI)>S(3,I) THEN D=1
8920 R(3,I)-Inv
8930 Slope:!
8940 R(I,I)=Cov(3,I)*S(D+2,I)/S(lv+2,I)
8950 IF 1v=2 THEN R(i,.I)=i/R(i,.I)
8960 Residual:!
8970 C1i-Cov(3,I)A2
8980 IF C(0 THEN 9000
8990 R(2,1)=S(D+2,I)*CA.5
9000 NEXT I
9010 SUBEND
9030
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9040 SUBPinCtt()O..e()C()RC)S.pV
4 9050 OPTION BASE I

9051 DIM Bor$1801
9052 DBlrS=--

-- - - - - - - - - - - - - - -- - - - - - - - - - - - - - -

9060 FOR I-TO 3
9070 FOR 3-1 TO 6
9080 IF RCI,J))100 THEN R(IjJ)=0
9090 IF Cov,(3.T)>100 THEN Cov(3 0J)n0
9100 NEXT J
9110 NEXT I
9121 PRINT B~r$
9130 IF V=2 THEN 9280
91.40 PRINT LIN(LITAP(21);" TDW ")TAB(36).-" TDX U;-TAB(Si);," TDY ";,TAB(66);-
TDZ"

9150 FIXED 3
9160 PRINT LIN(1);TAB(i)l"CUMULATIVE AVERAGE";-TAB(20);StaTs(3,1)+O selti)
;TAB(35) ;Stats(3,2)+O~set (2) ;TAB(50) ;Stats(3 ,3 )+O iset(3) ;TAB(65) ;Stot s(3.4)

+O-set (4)*1 9170 PRINT LIN(i)ITAB(i);"STANDARD DEVIATION";TAB(20);Stats(4,1);TA'(3S);
Stots(4,2) ;TAB(SO) ;Stats(4,3) ;TAB(65) ;Stcts(4,4)
9180 PRINT LIN(l);TAB(i);"TD PAIR";TAB(17);"WX";TAB(27);nWYN;TAB(37);"wZ"
;TAE4(47) ; XY"';TAB(S7); 'XZ";,TAB(67) ; 'YZ"
9190 PRINT LIN(i);TAB(i)l"CORR COEF";TAI4(iS);Co4J(3,i)ITAF(25);Cov(3,2);TA
B(3S);Cov(3,3);TAB(45);Cov(3,4);TAB(SS);Cov(3,5);TAB(6S);Cov(3,6)
9200 PRINT LIN(i);,TAB(i)- SLOPE"TAB(S)*R(i,)TAB(2)IR(i,2);-TAB(3S);,R(
£ ,3) ;TAB(45) ;R (1,4) ;TAB(S5) ;R (1,5);TAB(6S) ;R( i,6)
9210 PRINT LIN(i);TAB(i);"RESIDUAL';,TAr4(15);R(2,i);TAB(2S);R(2,2);TAB(35)
;R(2,3) ;TAB(45) ;R(2,4) ;TAB(S5) ;R(2,5) ;TAB(65) ;R(2,6)
9220 STANDARD
9230 PRINT LIN(l);TAB(1);,"IND VAR")TAB(17),,R(3,I),,TAB(27),-R(3.2),,TAB(37),,
RC3,3);TAB(47);R(3,4);TAB(57);R(3,5S);TAB(67) ;R(3,6)
9240 PRINT LIN(I);"SAMPLtS=";Sample
92S0 PkINT Bar$
9260 PRINT LIN(1)
9270 SUDEXIT
9280 FIXED 3

*i9290 PRINT LIN(1);TAB(2i);" RI "ITAB(3b))" R2 ";TAB(Si))" X ";TAB(66)

9300 PRINT LIN(1)jTAB(i);'CUMUL.ATIVE AVRG"TB2)Sat(,)D.sti
;TAB(3S);Stats(3,2)+O.5et(2);TAB(- 0);Stts(3,3)+O~set(3)ITAB(65);Stats(3,4)
40.. et (4)
7310 PRINT LIN(1);TAB(1.)INSTANDARD DEVIATION";TAB(20);St.t(4,1)ITAB(3S)I
9tto(4,2) ;TAB(S0) ;StQts(4,3) ;TAB(6S) ;Stats(4,4)
9320 PRINT Bar$
7330 SUREND
9350 1

007



9360 SUB Hi..lo(X(*),NHiLo)
9370 Hi-XCI)
9380 Lo=X(i)
9390 FOR I=i TO N
9400 Lo=MIN(X(I),Lo)
9410 Hi=MAX(X(I)tHi)
9420 NEXT 1
9430 SUBEND



9440 SUB Plot(LxHxLyHyXxYxX(*),Y(*), 9I ,X$,Y$,F$)
9450 OPTION BASE i
9460 PLOTTER IS 13,-GRAPHICS"
9470 GRAPHICS
9480 LOCATE 10)90,20,100
9490 SHOW Lx-iHx+iLy-Hy+i
9500 AXES iIXxYx
9510 LINE TYPE 2
9520 FOR I=i TO N
9530 DRAW X(I),Y(I)
9540 NEXT I
9550 LINE TYPE I
9S60 MOVE LxSi*(Lx-Xx)+Yx
9570 DRAW HxSi*(Hx-Xx)+Yx
9580 Label:CSIZE 3
9590 LORG S
9600 LOCATE 0,25,0,20
9610 SCALE 0,100,O020
9620 MOVE 50,iS
9630 LABEL USING "#,K")X$;" VS ";Y$;" & REGRESSION LINE"
9640 MOVE SOi
9650 LABEL. USING "K";"ONE MICROSEC/DIV"
9660 MOVE 50,5
9670 LABEL USING "K";l'E="&F$
9680 PAUSE
9690 INPUT "HARD COPY? Y OR N",Hc$
9700 IF Hc$()"Y" THEN 9720
9710 DUMP GRAPHICS
9720 EXIT GRAPHICS
9730 SUBEND
9750

r
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9760 SUB Rplot(lv(),D(*),S(*),R(*),PrNVi$,V2$,Fs)
9770 OPTION BASE I
9780 P1=1
9790 PRINTER IS 0
9800 INPUT "PLOT RESIDUALS VS N(t) OR INDEPENDENT VAR(2)",Pi

98±0 PLOTTER IS 13,"GRAPHICS"
9820 GRAPHICS
9830 LOCATE 10,100,20,80
9840 IF Pt=1 THEN 9890
9850 CALL Hi_lo(Iv(*),NIMaxlmin)
9860 SCALE IMin-2,IMaxp-SS
9870 AXES ilIMinO
9880 GOTO 9910
9890 SCALE 0,N,-SS
9900 AXES 10,1,0,0
9910 LINE TYPE 2
9920 R$=VAL$(R(2,Pr))
9930 M=R(iPr)
9940 IF R(3,Pr)=2 THEN M1i/M
99S0 Iv=i
9960 D=2
9970 IF R(3,Pr)=2 THEN Iv=2
9980 IF R(3,Pr)=2 THEN D=1
9990 Da=S(DPr)
10000 Ia=S(IvPr)
10010 FOR I=i TO N
10020 Dp=Da+M*(Iv(I)-la)
10030 Dr=Dp-D(I)
10040 Nr=Dr/R(2,Pr)
10050 IF Nr)S THEN PRINT INr
10060 IF Pi=i THEN DRAW INr
10070 IF P1=2 THEN DRAW Iy(I),Nr
10100 NEXT I
*ii0 PRINTER IS 16
10120 LINE TYPE I
10130 Ctr=N/8
10140 IF Pi=2 THEN Ctr=IMin+(IMox-IMin)/8
lOiS0 MOVE Ctr,-4
10151 IF P1=i THEN LABEL USING "K";"NORMALIZED RESIDUALS VS SAMPLE NUMBER"
10160 IF P1=2 THEN LABEL USING "K";"NORMALIZFD RESIDUALS VS INDEP VAR"
10170 MOVE Ctr,-5
t0180 LABEL USING "K";Vi$;" AND ";V2$;" DATA";"; RES=";R$;" MICROSEC"
10190 MOVE Ctr,-6
10200 L4E:EL USING "K";"TRACKLINE=";F$
10201 IF PI=1 THEN 10320
10210 MOVE Ctr,4
10220 LABEL USING "K";IMin
10230 MOVE CtrS
10240 LABEL USING "K";"IND VAR MIN"
10320 INTEGER K
10321 LORG S
10330 IF P1=1 THEN 10360
10340 K=Ieax-Imin
10350 GOTO 10390
10360 K=N/10
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10370 IF (N)100) AND (P1il) THEN K=N/SO
10380 Stepinl
10390 IF (P1-2) AND (K)10) THEN Step-S
10400 FOR 1.0 TO K STEP Step
10401 IF 1=0 THEN £0480
10410 Mx=It.Ln+I
10420 IF Pi=1 THEN MxliO*I
£0430 IF (N)iOO) AND (P1=i) THEN Mx=50*1
10440 MOVE Mx,-i
10450 IF P1=1 THEN L=Mx
10460 IF Pi=2 THEN L=I
10470 LABEL USING I-K$;L
10480 NEXT I
10490 IF P1=2 THEN 10580
10500 FOR 1=1 TO 5
£0510 M=N
10520 MOVE -M/16,I
10530 LABEL USING 5K"I;I
£0540 MOVE -M/16,-l
10550 LABEL USING I-Kl;-I
£0560 NEXT I
£0570 GOTO 10640
10580 FOR I1i TO S
£0S90 MOVE Imin-3,I
10600 LABEL USING *";I
10610 MOVE Imin-3,-I
10620 LABEL USING MK*;-I
10630 NEXT I
10640 PAUSE
£0650 INPUT "HARD COPY? Y OR N",HcSI.10660 IF Hc$="Y" THEN DUMP GRAPHICS
10670 EXIT GRAPHICS
10680 SUBEND
10700 1
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10710 SUB 9ecr(PitP2)P3pP4)B)
10720 ! PROGRAM TO CALCULATE BEARING BETWEEN TWO POINTS
10730 i (PIP2) AND (P3 P4).POSITIONS ARE INPUT IN DEGREES
10740 ! OF LAT/LON . N AND E ARE +; 8 AND W ARE -

107S0 DEG
10760 PS=COS(P3)
10770 P6=P4-P2
10780 P7=SIN(P3)*COS(P1)-PS*SIN(P1)*COS(P6)
10790 B=ATN(PS*SIN(P6)/P7)
10800 IF P7(0 THEN B"B+190
10810 IF B(O THEN Bmb+360
10820 SUBEND
osso i
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10860 SUB Rang.(PljP2,P3pP4,R)
* 10870 1 PROGRAM TO CALCULATE RANGE IN KILOMETERS3 BETWEEN TWO

10880 1POINTS (PtI,P2) AND (P3pP4). POSITIONS ARE IN DEGREES
10890 1 (LATLON) . NORTH AND EAST ARE 4.

*10900 DEG
10910 P6=SNCPi)
10920 P7-SIN(P3)
10930 P8=P6*P?+COS(P1)*COS(P3)*COS(P4-P2)

*10940 RAD
10950 P9z(1-PE8A2)A.5
10960 P5=ATN(P9/P9)
10970 PiOn(P6sP7)A2*(3*P9-PS)/(l+PS)
10960 Plim(P6-P7)A2*(3*P9+PS)/(1-P8)
t0990 DEG
11000 R=6378.135*PS45.346i2S*(PiO-PiI)
11010 SUDEND
11040
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11150 SUB G....t(P(),VRnqe(*),3e(*),Zp(*),A(*),Gi23(*),Gi2(*),G23(*),GI

11160 1PROGRAM CALCULATES:
11170 ! A(*);GRADIENT MATRIX(XY TO TD)
11190 ! G123(*);GRADIENT MATRIX (TD TO XY),3-TD CASE I
£1190 G12(*),G23(*),G13(*);GRADIENT MATRICES(TD TO XY)02-TO CASES
11200 ! INPUTS ARE:
11210 i P(*);POWER LEVEL OF XMITTERS (KILOWATTS)
11220 !V;VELOCITY OF PROPOCATION (MICROSEC/KILOMETER)
11230 i Range(*);RANGES FROM POINT TO XMITTERS (KILOMETERS)
11240 1 Bear(*)IAZIMUTH OF XMITTERS FROM POINT (DEGREES)
11250 1 Zp(*);XY POSITION OF POINT
11260 DEG
11270 OPTION BASE I
11280 DIM RC3,3),W(3,3),B(2,3),C(2,2),D(2,3)
11290 MAT R=(1)
11300 K=P(4)/Range(4)42
11310 FOR 1=1 TO 3
11320 1 CALCULATE A MATRIX
11330 ACI,1)=(SIN(Bear(4))-SIN(Bear(I)))/V
11340 A(I,2)=(COS(Bear(4))-COS(Bear(I)))/V
113S0 ! CALCULATE COVAR lANCE MATRIX
11360 R(I,I)=i+K*Range(I)A2/P(I)
11370 NEXT I
11380 1CALCULATE WEIGHTING MATRIX
11390 MAT W=INV(R)
11400 ! CALCULATE Gi23
11410 MAT B=TRH(A)
11420 MAT D=B*W
11430 MAT C=D*A
11440 MAT C=INV(C)
11450 MAT G123=C*D
11460 1 CALCULATE G12,G23,.Gi3
11470 FOR Im1 TO 2
11460 FOR 3=1 TO 2
11490 K-I41
11500 Lw3+l
11510 MinI
11520 N-3J
11530 IF 1-2 THEN 143
11540 IF J-2 THEN N=3
11550 G12(1,3)=A(1,3)
£1560 G23C1,J)-A(KtJ)
11570 G13(I,3)=A(M,3)
11580 NEXT 3
11590 NEXT I
11600 MAT GI2mINV(Gl2)
11610 MAT G23-INV(C23)
11620 MAT GI3-INV(G13)
11630 SUDEND
11640I
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t1670 SUD Td(R(*),VEd(*)T(S))
11680 1 PROGRAM PREDICTS TDS FOR A POINT. INPUTS ARE RANGES
11690 1 TO THE XMITTERS(R(*)) EMISSION DELAYS(Ed(*))oAND
11700 I VELOCITY OF PROPOGATION
11710 I11720 1 CALCULATE SECONDARY PHASE FACTORS (SF)
11730 FOR It TO 4
117S0 S(I)m38.4488/R(I)-.407SS+.00216673S*R(I)
11770 IF R(I)(160 THEN S(I)-.816768/R(I)-.011402+.001iiR(I)
11780 NEXT I
11790 1 CALCULATE TDS
11800 FOR 1=1 TO 3
11810 T(I)=(R(I)-R(4))/V+S(I)-S(4)+Ed(I)
11820 NEXT I
11830 SUBEND
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12030 SUB Wpfile(W(*),F1,FL1e$)
12040 ! PROGRAM TO STORE WAYPOINT INFO
12050 OPTION BASE I
12060 PRINTER IS 0
12070 IF Fl-I THEN Opt
12080 INPUT "WAYPOINT FILE NAME?',File$
12090 FI1
12100 INPUT "DOES THIS FILE CURRENTLY EXIST ON TAPE? Y OR N".Cr$
12110 IF UPC$(Cr$[t,1))-"N" THEN CREATE File$98
12130 Cont: ASSIGN 0i TO File$
12140 IF UPC$(Cr$[1,13)"Y" THEN READ #1;(C*)
12141 Opt: INPUT "MODIFY/CREATEi; LIST2; SAVE3; QUIT4"pOpt
12142 IF (Opt(i) OR (Opt)4) THEN Opt
12145 ON Opt GOTO InputListFileEnd
12160 Input:INPUT "WAYPOINT NUMBER?",Nw
12165 IF (Nw(i) OR (Nw)25) THEN Input
12170 PRINT "WAYPOINT NUMBER=";Nw
12180 INPUT "INPUT OR CHANGE TDs? Y OR N",Td$
12190 IF Td$="N" THEN Xy
12200 INPUT "TDW,TDXTDYTDZ ?",W(Nwt)W(Nw,2)W(Nw,3),W(Nw,4)
12210 FIXED 2
12220 PRINT "TDW=";W(Nwi),"TDX-";W(Nw,2),"TDY="W(Nw,3)"TDZ=";W(Nw,4

12230 Xy: INPUT "INPUT OR CHANGE XY POSITION? Y OR N",P$
12240 IF P$"N" THEN Li
12250 FIXED 3
12260 INPUT "XY POSITION? EN",W(NwS),W(Nw,6)
12270 PRINT "X=";W(NwS),"Y=";W(Nw6)
12280 LI:INPUT "INPUT OR CHANGE LAT/LON? Y OR NNL1$
12290 IF Ll$="N" THEN Next
12300 FIXED 4
12301 INPUT "ENTER LATITUDE; DMS",Deg,MinSec
12302 W(Nw,7)=Deq+Min/60+Sec/3600
12310 INPUT "ENTER LONGITUDE; D,M,S",Deg.MinSec
12311 W(Nw,8)=-(Deg+Min/6O+Sec/3600)
12320 PRINT "LAT=";W(Nw,7)."LON=";W(Nw,8)
12330 Next:INPUT "ANOTHER WAYPOINT? Y OR N",A$
12340 IF A$="Y" THEN 12160
12350 GOTO Opt
12351 List: PRINT LIN(S);TAB(25);"WAYPOINT FILE: ";File$
12370 FOR I- TO 25
12380 FIXED 0
12400 PRINT LIN(1);"WAYPOINT-";I
12410 FIXED 2
12420 PRINT "TDW=";W(II)pTDX=O;W(I,2)"TDY"N;W(I,3),"TDZ=N;W(I,4)
12430 FIXED 3
12440 PRINT "X"*;W(IS)v"Y-";W(I,6)
12450 FIXED 0
124SI Lot=W(It7)
12452 Deg-INT(Lat)
124S3 Mini=60*(Lat-Deg)
124S4 Min-INT(Minl)
12455 Sec-60*(Mint-Min)
124S6 PRINT "LAT:";Deg;CHR$(179);Min;"';
12457 FIXED 2
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124SB PRINT 8ecjOPP
12459 FIXED 0
12460 Lona-W(1,B3)
12461 DegaINT(Lon)
12462 Niril-60*(Lon-Deg)
12463 MinaINT(Mint)
12464 Sec-60*(Minl-Min)
12465 PRINT *LON%";Deg)CHR$(179);Nin;*k*)
12466 FIXED 2
12467 PRINT Secso""?
12470 NEXT I
12471 PRINT LIN(S)
1247S GOTO Opt
12480 FiletASSIGN 41 TO File$
1248S PRINT *1;W(*)
12S20 EndiSUBEND
12540!I
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12550 SUB Fehg(X(*),Zp(*),Tp(*),Tq(*),G(*),Zq(*),V,,Noto)
* 2560 1 THIS SUBROUTINE CALCULATES POSITION COORDINATES,Zq(2#1),
*12S70 1 USING THE FLAT EARTH HYPERBOLIC GRID (FEGH) ALGROTHIM.

125830 1 INPUTS ARE TRANSMITTER POSITIONSoX(213),WAYPOINT POSITION,
12590 I Zp(2,£); WAYPOINT TDs, Tp(2,£); THE GRADIENT MATRIX# G(2,2);

*12600 1 THE VELOCITY OF PROPOGATION, VI AND THE MEASURED TD. TqC2#1).
12610 OPTION BASE I
£2620 DIM A(Nsta,£I),B(Nstu,1),C(Nsto,£),D(Nsta,£),E(2,£),T(Nsta,£),Z(2,£),R
(Nsto4£,1)
£2630 Initializeil
12640 K-0
£2650 MAT Zq-Zp
12660 MAT B=Zp
1 2670 MAT AinZp
12680 MAT C=Tq
12690 MAT D=Tp
£2700 1 CALCULATE Zq(i)=Zp+G(Tq-Tp)
12710 MAT T=C-D
12720 MAT Zq=G*T
£2730 MAT Zq=Zp+Zq
£2740 ! CALULATE h(Zq(0))=hCZp)
£2750 FOR I=i TO NsTa+£
£2760 R(1,1)=SQR( (Zp(1,1)-X(l,1))A2+CZpC2,1)-X(1,2))A2)
£2770 NEXT I
£2780 FOR I=1 TO Nsta
£2790 D(1,1)=(R(I,£)-R(Nsta+1 ,£))/V
12800 NEXT I
12810 1 CALCULATE Zq(n)=2Zq(n-£)-Zq(n-2)+G(hCZq(n-2)-h(Zq(n-1)))
12820 Iterate:K-K+l
£2630 DISP K
12840 1 IF ITERATIONS EXCEED 20 THEN STOP
£26S0 IF K)20 THEN Error
£2860 MAT B=A ! Zq(n-P)=Zq(n-£)
12870 MAT A=Zq! Zq(n-i)=Zq~n)
12880 MAT C-D ! h(Zq(n-2))-hCZq(n-1))
£2990 ! CALCULATE h(Zq(n-1))
12900 FOR Imi TO Nstm+1
£2910 RCI,£)=SQR( (ZqC£,£)-X(I,1) )A2+(Zq(2,£)-X(1,2))A2)
12920 NEXT I
£2930 FOR 1-1 TO Nsta
12940 D(I,£)-(R(I,1)-R(Nstu.£,1))/V
12950 NEXT I
12960 MAT Zqu:Zq*(2)
£2970 MAT Zq-Zq-9

*12980 MAT TwC-D
£2990 MAT Z=G*T
13000 MAT ZquZq+Z

*13010 1 CALCULATE ADS(Zq(n)-Zq(n-£))
*13020 MAT E-A-Zq

1 3030 Diff-E(l,)2E201A2
13040 1IF DIFFERENCE )I YARD THEN ITERATE
13050 IF SQR(Diff)).0010 THEN Iterate
13060 DISP K
£3070 GOTO End
13080 ErroriDISP "20 ITERATIONS WITHOUT CLOSURE II i110
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13090 PAUSE
13100 End iSUBEM49
13120 1
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1330 SUB Xplot(TsAx(*),Ay($),MinxNaxx MinysMaxyNNoF$Ch$,L$P1)
13140 DIM Lt$[SO] L45180]

13150 FIXED 3
13160 Zoo"$$S"
13170 IF No-2 THEN 13260
13180 PLOTTER IS 13,-GRAPHICS"
13190 GRAPHICS
13200 LOCATE 0,100,200100
13210 FRAME
13220 IF Zoom$()"Y" THEN SHOW Minx-.tMaxx+.tMiny-.1^ixy+.1
13230 IF ZooM$S"Y" THEN SHOW MinxMaxxMiny,Mxy
£3240 AXES .i,.iMinx,Miny, O,10
13250 GRID 2,2,MinxMiny,1.1
13260 LINE TYPE T
13270 MOVE Ax(l),Ay(1)
£32180 FOR I=1 TO N
13290 DRAW Ax(I),Ay(I)
£3300 NEXT I
13310 PRINTER IS 0
13320 P=O
13330 IF (P1=3) AND (No-I) THEN SUBEXIT
13340 IF (P1=3) AND (No=2) THEN Label
13350 PAUSE13360 INPUT wZOOM?,Y OR N",Zoom$

13370 IF Zooe$()"Y" THEN 13410
13380 DIGITIZE Minx,Miny
13390 DIGITIZE MtxxMQxy
13400 GOTO 13180
13410 INPUT "FIND SAMPLE NUMBER AND VALUE OF PLOTTED DATA POINT? Y OR N",Ou

13420 IF Out$0"Y" THEN 13520
13430 DIGITIZE XY
13440 Tol-.1
13450 IF APS(Maxx-Minx)(-t THEN Tol-.010
13460 FOR I1m TO N
13470 IF (ARS(Ax(X)-X)(Tol) AND (ABSCAy(I)-Y)(Tol) THEN P-i
13480 IF P THEN PRINT IpAx(I),Ay(I)
13490 P-0
13500 NEXT I
13510 GOTO 13410
13S20 INPUT "DIGITIZE?",D$
13530 IF D$()"Y" THEN Label
13540 INPUT "HOW MANY?(=iO",P
13550 IF P)10 THEN P=10
13560 GRAPHICS
13570 FOR Il TO P
1350 DIGITIZE Xx(I)'Yy(I)
13590 LORG S
13600 MOVE Xx(I),Yy(I)
13610 LABEL USING K;"K +"
13620 MOVE Xx(I),Yy(I)
13630 LORG 2
13640 LABEL USING "3D"-;I
13650 NEXT I
13660 FOR I-1 TO P
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13670 PRINT IXx(I)#Yy(I)
13680 NEXT I
13690 LabeltIF (P1=3) AND (No-I) THEN SUBEXIT13700 LOCATE 0O,100#9#20

13710 SCALE 0t000.,2S
13720 L1$"AXESs X"&VAL$(Milnx)&" Yn"&VAL$(Niny)

13730 L2SuUNITSI £ KM/DIV*
13740 L3$-NFILE-"&F$
£3745 L4$="LORAN-C DATA't&m CHAIN-O&Ch$&n, LOPsN&L$

13790 IF P1-1 THEN L4$"NMINI-RANGER DATA"

£3810 IF P1-3 THEN L4$-"MINI-RANGER (SOLID LINE) AND LORAN-C 
(DASHED LINE)"

13820 MOVE 10,20
13830 LABEL LI$
13840 MOVE 10,1S
138S0 LABEL L2$
13860 MOVE 10,10
13870 LABEL L3$
13880 MOVE iOS
13890 LABEL L4$
13900 PAUSE
13910 HrdcopsINPUT *HARD COPY OF GRAPHICSwH$

13920 IF H$-"Ym THEN DUMP GRAPHICS
13930 EXIT GRAPHICS
L3940 SUDEND

13960 1
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13970 SUB Ct_at(X(*),Y(*),Ct(*)At(*),WxiWytWx2,Wy2NtRA)
13980 DEFAULT ON
13990 OPTION BASE 1
14000 DEG
14010 MAT Ct-(O)
14020 MAT At-(O)
14030 ! CALCULATE COURSE ANGLE FROM WI TO W2
14040 Dy-Wy2-Wyt
140SO Dx=Wx2-Wxi
14060 R-SQR(DxA2+DYA2)
14070 A=ATN(Dx/Dy)
14080 IF Dy(O THEN A=A+1t0
14090 IF A(O THEN A=A+360
14100 ! CALCULATE ALONG TRACK AND CROSS TRACK DISTANCE
14110 FOR I=i TO N
14120 X=X(I)-Wxi
14130 Y-Y(I)-WyI
14140 At(I)=X*SIN(A)+Y*COS(A)
141S0 Ct(l)=-X*COS(A)+Y*SIN(A)
14160 NEXT I
14170 ! FILTER Ci
14180 FOR I=2 TO N
£4190 Ct(l)=Ct (I-1)*.7+Ct(l)*.3
14200 NEXT I
14210 SUBEND
14230
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14240 SUB Patct(At(*),Ct(*),NMinQMoxoMincMoxcWtWf,F$,RNopDat)
14241 DEG
14250 DIM Li$(401L2$401,L351401pL45(80]
14260 IF No-2 THEN 14370'
14270 PLOTTER IS 13,"GRAPHICS"
14280 GRAPHIrq
£4290 LOCATE 0100,20,i00
14300 Min=MIN(OMina)
14310 Mcxa=MAX(R,Maxa)
14330 Bc=MAX(Maxc,.22)
14340 Lc=MIN(Minc,-.22)
14350 SCALE MinaMQxatLcBc
14360 AXES .1,.01,Oi,0,O
14370 MOVE At(1),CT(1)
14380 LINE TYPE i
14390 IF (DQta=3) AND (No=2) THEN LINE TYPE 2
14400 FOR I=i TO N
14410 DRAW At(I)tCt(I)
14420 NEXT I
14430 MOVE RO
14440 LORG S
14450 LABEL USING "K";"I"
14460 LINE TYPE I
14470 IF (Dta=3) AND (No=i) THEN SUBEXIT
14480 Label:!
14490 Yaxis:!
14500 Y=-R/30
14S01 LORG 8
14510 1 IF Maxa)5 THEN Y=.S
14520 MOVE Yp.i
14S30 LABEL USING "K";i0
14540 MOVE Y,.2
14550 LABEL USING "K";200
14560 MOVE Y.-.i
14S70 LABEL USING "K";-i00
14580 MOVE Y,-.2
14S90 LABEL USING "K";-200
14600 MOVE Y,-.215
14601 LORG S
14602 LDIR 270
14603 MOVE YO
14610 LABEL USING "K";*METERS"
14611 LDIR 0
14620 X-oxis:i
14630 INTEGER K
14640 K=Maxa
14650 FOR I- TO K
t4660 MOVE I,-.015
14670 LABEL USING "K";I
14680 NFXT I
14690 MOVE K-1,-,03S
14700 LABEL USING "K";"KILOMETERS"
14710 LOCATE 10,100,0,20
14720 SCALE 0,100,0,2S
14730 FIXED 0
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14740 LI$WALONG TRACK VS CROSS TRACK X

£4750 L2$="WAYPOINT "&VAL$(Wf)&" TO "&"WAYPOINT "&VAL$(Wt)
14760 L3="FILE-"&F$
14770 L4$"MINIRANGER DATA"
£4780 IF Daqt=2 THEN L4$"LORAN-C DATA"
14790 IF Dala-3 THEN L4$="LORAN-C DATA(DOTTED LINE) AND MINIRANGER DATA(SOL
ID LINE)"
14800 MOVE 0,22
14810 LABEL "WP"&VAL$(Wt)
£4820 MOVE i00D,22
14830 LABEL "WP"&VAL$(Wf)
14840 MOVE SS,20
£48S0 LABEL Li$
£4860 MOVE SSiS
14870 LABEL L2$
14880 MOVE SS,10
14890 LABEL L3$
14900 MOVE SSS
14910 LABEL L4$
£4920 PAUSE
14930 INPUT "HARD COPY? Y OR N",Hc$
14940 IF Hc$="Y" THEN DUMP GRAPHICS
149S0 EXIT GRAPHICS
14960 SUBEND
14980 !
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14990 SUB D~t(()XS,()ZS,1~,2*,$*,,$
15000 OPTION BASE I

* 15010 DIM We(400),XeC400),Ye(400),Ze(400),Te$(400),Rie(400)pR2e(400)
* 1020 PRINTER IS 01

15030 Sampl*:INPUT "SAMPLE TO BE DELETED?START WITH HIGHEST NUMBER ,PD
15040 3-0
15050 FOR Irni TO N
iS£560 SomplsIF I=nD THEN Next
15070 3=3+1
15080 DISP 1,3
15090 We(3)=W(I)
15100 Xe(3)-X(I)
£5110 Ye(3)-Y(I)
15120 Ze(3)=Z(I)

* 1540 R2e(3)=R2C1)
15150 TeS(J)-T$(I)
15160 Next: NEXT I
15170 N=3
15180 MAT W=We
15190 MAT X=Xe
15200 MAT Y=Ye
15210 MAT Z=Ze
15220 MAT RI-Ri.
15230 MAT R2=R2e
15240 FOR 1-1 TO N
15250 T$(I)=Te$(1)
15260 NEXT I
15270 PRINT "SAMPLE'ID;*DELETEDu;N;"SAMPLES REMAIN"
15280 INPUT "ANOTHER SAMPLE TO DELETE?-pA$
15,290 IF A$="Y" THEN Sample
15370 End ISUBEND
iS1390 1
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1S400 SUB ReQd(W(*),X(*),Y(*)Z(*)RC*)R2(*)Tim$(*),S.,pleF$)
15410 OPTION BASE 1
£5420 DIM AC£00),B(1O0),C(1O0),D(0OD)pT$(1O0),E(1OO),F(0OD)
15430 MASS STORAGE IS ":T14"
£5440 Soitple=0 ! ZERO SAMPLE NUMBER AND DATA ARRAYS
£5450 MAT W=(0)
15460 MAT X=(D)
15470 MAT Y=(O)
£5480 MAT Z=(0)
1S490 MAT Rl=(8)
£5500 MAT R2=(D)
15510 FOR I=i TO 400
1SS20 Time$(I)a" m

£5530 NEXT I
15540 INPUT " FILE NAME? ",F$ 1 INPUT FILE NAME
15550 ASSIGN *1 TO F$
15560 READ #i;Set,S'omple ! READ NUMBER OF DATA SETS AND SAMPLES

5S70 FOR 3=0 TO 3 ! READ DATA SET BY SET AND LOAD INTO
5S80 ON END #i COTO 15600 1 DATA ARRAYS

IS9 READ #1,A(*) ,r(*) ,C(*),D(*) ,E(*) ,F(*) ,T$(*)

15610 (JiD=AI
15620 (Jio=Bl
15630 Y(I+J*100)=C(I)
15640 Z(I+J*i00)=D(l1
15650 Ri(I+J*i00)=E(I)
15660 R2(Ii-J*i00)=F(I)
£5670 Time$(I+J*iO0)=T$(I)
£5680 IF I4J*i00=Sample THEN SUBEXIT
15690 NEXT I
15700 IF J+i=Sev THEN SUBEXIT
1S7i0 NEXT 3
15720 SUREND
15730
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15750 SUBD Link(bI(*),X(*))Y(*),Z(*),R1(*),R2(*),Tine$C*),Count,L$)
15760 OPTION BASE I
15770 DIM ACO) ;D(£0) ,C(100) ,D(100) ,T$( 100) E(100) ,F(100)
15780 MASS STORAGE IS NiTI40
£5790 CountinG
£5800 INPUT "FIRST FILE NAME? 0,F$
£5810 L$=""~
1581£ CoMMQS-"
15820 AssignASSIGN #i TO F$
£5830 READ #1;SetpN
15840 FOR 3=0 Tn 3
15850 ON END $i GOTO 15870
£5360 READ *1;A(*),B(*),C(*),D(*),E(*),F(*),T$(*)
15870 FOR IZ-i TO £00
15880 Kount=Count+I-3*100
1890 DISP Kount
1S900 W(Kount)=A(I)
15910 X(Kount)=B(I)
15920 Y(Kount)=C(I)
15930 Z(Kount)=D(I)
15940 Ri(Kount)=E(I)
15950 R2(Kount)=F(I)
1S960 Time$(Kount)=TS(I)
15970 IF I+J*100=N THEN Jump
15990 IF Kount=400 THEN Jump
16000 NEXT I
16010 IF Set=J+i THEN Jump
16020 NEXT J
£6030 JUMPi!
£6040 PRINTER IS 16
£6050 PRINT PAGE;LIN(20);"CURRENT FILE=";F$
£6060 INPUT *CORRECT RANGE DATA? Y OR N-,C$
16070 PRINTER IS 0
16080 IF C$01Y" THEN £6180
16090 F$=F$&r"
£6100 INPUT "CORRECTION TO Ri(METERS)?',Ric
16110 INPUT "CORRECTION TO R2(METERS)?",R2c
£6120 PRINT ."FILE-";F$
£6130 PRINT "Ri CQRRECTION=";Ric;TAB(30);"R2 CORRECTION="IR2c
£6140 FOR I-Couni+1 TO Kount
16150 RI(l)-iR(l)+Rlc
16160 R2(I)inR2(1)+R2c
£6170 NEXT I
£6160 INPUT "CORRECT TD DATA? Y OR NO,C$
16190 IF C$0"YN THEN 16340
£6200 PRINT "START TIME-";Time$(Count+£);TA9(30);"STOP TIME=")Time$(Kounl)
16210 INPUT "CORRECTION TO TDW(MICROSEC)?",c
£6220 INPUT "CORRECTION TO TDX(MICROSEC)?",Xc
16230 INPUT "CORRECTION TO TDY(MICROSEC)?*,Yc
£6240 INPUT "CORRECTION TO TDZ(MICROSEC)'P',Zc
16250 FOR IuwCount.1 TO Kount
£6260 W(I)-W(I)4We
16270 X(I)inX(I)4Xc
16290 Y(I)-Y(I)+Yc
16290 ZCI)=Z(I)*Zc
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16300 NEXT 1
16310 F$iF$&Ot
16320 PRINT OFILE-O;FS
16330 PRINT *TD CORRECTIONSi"ITAB(20);Idcor-NWcTA(35)1"Xcor-";Xc;TAB(S)
;"Ycor=';Yc;TAB(6S);"Zcorm";Zc
16340 CountaKount
16350 PRINTER IS 16
16390 L$=L$&Com.,uS&F$
16400 PRINT PAGE;LIN(20)
16410 PRINT "FILES LINKED"N;L$
16420 PRINT "TOTAL SAMPLES=N;Count
16430 IF Count-400 THEN 16490
16440 INPUT "ANOTHER FILE? ",A$
164S0 IF A$="NN THEN End
16451 Comma$=CHRS(44)
16460 INPUT "FILE NAME? 11,F$
16480 GOTO Assiqn
16490 EndiPRINTER IS 0
16495 PRINT "FILES LINKED=N;LS
16500 PRINT "TOTAL SAMPLES=";Count
16510 PRINT
16520 INPUT "STORE DATA SET? -,S$
16530 IF SS="Y" THEN Store
16S40 SUDEXIT
16550 StoreiCALL Store(U(*),X(*),Y(*),Z(*),Ri(*),R2*),Tiqe$(*),Count,F$)
16560 SUBEND
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16570 SUB Stut..tot(W(*)oX(*)oY(*),Z(*),S(*),Co(*),O(*),N)
16S80 OPTION BASE I
16590 DEFAULT ON
16600 DIMI A(400),II(400),C(400),D(400),YC4)
16610 1 OFF-SET
16620 O(£)-W(l)
16630 0(2)=XC£)
16640 O(3)-Y(l)
£665O0 (4)=ZC£)
16660 i SUJBTRACT OFF-SET
£6670 FOR riE TO N
16690 A(I)-W(I)-O(£)
£6690 B(1)=X(I)-0(2)
16700 CCI)-Y(I)-0(3)
£6710 D(I)=Z(I)-0(4)
£6720 NEXT I
£6730 1 SUMS
£6740 S(1,i)=SUM(A)
£67S0 S(£,2)=SUIM(4)
£6760 S(£,3)=SUM(C)
£6770 S(i,4)=S.UM(D)
£6760 ! SLIMS OF SQUARES
£6790 S(2,i)-DOT(A,A)
16800 S(2,.2)=DOT(B,B)
£6810 S(2,3)=DOT(CC)
16820 S(2,4)=DOTCD)D)
£6830 ! MEAN AND STAN DEV
£6840 FOR I1i TO 4
£6850 S(3,I)=S(i,I)/N
£6860 V(I)=S(2,I)/N-S(3,I)A2
£6670 S(4,1)=SQR(Y(l))
£6880 NEXT I
£6890 1 SUM OF CROSS PRODUCTS
£6900 Co(£,£)-DOT(A,B)
16910 Co(1,2)=DOT(A,C)
16920 Co(i,3)=DOT(AD)
£6930 Co(1,4)=DOT(B,C)
£6940 Co(1,S)-DOT(B,.D)
£6950 Co(1,6)=DOT(C,D)
£6960 ! COVARIANCE
16970 Co(2,i)=Co(£ ,1)/N-S(3,£ )*S(3,2)
16980 Co(2,2)-Co(i,2)/N-SC3,1)*S(3,3)
£6990 Co(2,3)=Co(l,3)/N-S(301)*S(3p4)
£7000 Co(2,4)inCo(£,.4)/N-SC3,2)*S(3,3)
£7010 Co(2,S)=Co(lS)/N-S(302)*SC3,4)
£7020 Co(2,6)=CoC£,6)/N-S(3,3)*S(3,4)
1 7030 1CORRELATION COEFFICIENT
17040 Co(3,1)=CD(2,£)/(SC4#1)*SC4p2))
17050 Co(3,2)-Co(2,2)/(S(4,£)SC43))
1 7060 Co(3,3)=Co(2,3)/(S(4,£I)*S(4,4))
17070 Co(3,4)-CoC2,4)/C9(4,2)*S(4,3))
£7889 Co(3,5)wCo(2,S)/(S(4,2)*S(4,4))
17090 Co(3,6)-Co(t6)/S4,3)*S(4#4))
17100 SUSEND
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17130 SUB Store(W(*),X(*),Y(*),Z(*)Ri(*),R2(*),U$(*),NF$)
17140 OPTION BASE I
17iSO DIM A(I1O)B(IO),C(iOO),D(100),T$(100),E(iOO),F(100)
17160 IF N(100 THEN Setul
17170 IF (N)iO0) AND (N(=200) THEN Seti2
17180 IF (N)200) AND (N(=300) THEN Set=3
17190 IF (N)300) AND (N(=400) THEN Set=4
17200 INPUT " FILE NAME? ",F$
17210 PRINT "FILE="F$,*SETS="uSet,"N=";N
17220 CREATE F$,Set,7000
17230 ASSIGN 4i TO F$
17240 PRINT #l;SeT
17250 PRINT *i;N
17260 3=0
17270 Load:!
17280 FOR I=1 TO 100
17290 IF I+3*100)N THEN Zero
17300 A(I)=W(I+J*iO0)
17310 B(I)=X(I+J*iO0)
17320 C(I)=Y(I+J*tO0)
17330 D(I)=Z(I+3*iO0)
17340 E(I)=Ri(I+J3*O0)
17350 F(I)=R2(I+J*i00)
17360 T$(I)=U$(I+J*100)
17370 GOTO Next
17380 Zero:!
17390 A(I)=0
17400 ID(I)=O
17410 C(I)=O
17420 D(I)=O
17430 E(I)=O
17440 F(I)=O
17450 T$(I)="*
17460 Next:NEXT I
17470 ! ON END #i GOTO 16770
17480 ! PAUSE
17490 PRINT *1;A(*),B(*),C(*),D($),EC*),F(*),T$(*)
17500 IF 3+1=Set THEN SUBEXIT
17S10 3-J+1
17520 GOTO Load
17530 SUBEND
175S0
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17560 SUP Delete_blok(W(*),X(*),Y(*),Z(*),Rl(*),R2(*),T$(*),NF$)
17570 OPTION BASE I
17590 DIM We(400)tXe(400),Ye(400),Ze(400),Te$(400)pRie(4OO),R2e(400)
17590 PRINTER IS 0
17600 SaMple:INPUT "FIRST SAMPLE IN BLOCK TO BE DELETED",Nt
17610 INPUT "LAST SAMPLE IN BLOCK TO BE DELETEDM"N2
17620 3=0
17630 FOR I=i TO N
17640 Sampl:IF (I)=Ni) AND (I(=N2) THEN Next
176S0 3=3+1
17660 DISP 1,J
17670 We(3)=W(I)
17680 Xe(J)=X(I)
17690 Ye(J)=Y(I)
17700 Ze(3)=Z(I)
17710 Rte(J)=Rt(I)
17720 R2e(J)=R2(I)
17730 Te$(J)=T$(I)
17740 Next: NEXT I
17750 N=3
£7760 MAT W=We
17770 MAT X=Xe
17780 MAT Y=Ye
17790 MAT Z=Ze
17800 MAT R£=Rie
17810 MAT R2=R2e
17820 FOR I=1 TO N
17830 T$(I)=Te$(I)
17840 NEXT I
£78S0 PRINT "SAMPLES";Nt;"THRU";N2"DELETED,";N;"SAMPLES REMAIN"
17860 INPUT "ANOTHER BLOCK TO DELETE?",A$
17870 IF A$="Y" THEN Sample
£79S0 End:SUBEND
17970 !
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17980 SUB Delete-id(W(*)X(*),Y(*),Z(*)RtI(*)R2(*)T$(*)NF$)
17990 OPTION BASE I
18000 DIM We(400),Xe(400),Ye(400),Ze(400),Te$(400),Rie(400),R2e(400)
18001 Sec$"WXYZ*
18010 PRINTER IS 0
18020 SoMple:Ni=N
18030 INPUT NSET CLIP LIMITS FOR WHICH SECONDARY? WI, X2, Y3, Z4 ",
Sec
18031 IF (Sec(i) OR (Sec)4) THEN Sample
18032 PRINT RPT$("-,80)
18037 PRINT "SETTING CLIP LIMITS FOR ")SecS[Sec)il
18040 INPUT "CLIP LIMITS ?; MIN,MAX",L1,U1
18041 PRINT "UPPER-";U1;" LOWER=";L1
18060 3-0
18070 FOR I=1 TO N
18080 SampliON Sec COTO Tw,TxTy,Tz
18081 Tw:IF (W(I)(L1) OR (W(I))U1) THEN Next
£8082 GOTO Keep
18090 Tx:IF (X(I)(L1) OR (X(I))U1) THEN Next
18091 COTO Keep
18100 Ty:IF (Y(I)(L1) OR (Y(I))U1) THEN Next
18101 GOTO Keep
18102 Tz:IF (Z'I)(L1) OR (Z(I))U1) THEN Next
18110 Keep:33S+1
18120 DISP 1,J
18130 WeCJ)=W(I)
18140 Xe(J)=X(I)
IBiSO Ye(J)=Y(I)
18160 Ze(J)=Z(I)
18170 Rle()=RI(I)
18180 R2e(J)=R2(I)
18190 Te$(J)=T$(I)
18200 Next: NEXT I
18210 N=3
1 18220 MAT W=We
18230 MAT X-Xe
1 16240 MAT Y=Ye
18250 MAT Z=Ze
18260 MAT Ri-Rie

? 18270 MAT R2=R2e
18280 FOR 1=i TO N
18290 T$(I)=Te$(I)
18300 NEXT I
18310 PRINT Ni-N;"SAMPLES DELETFDt")N)"SAMPLES REMAIN"
18311 INPUT "SET ADDITIONAL CLIP LIMITS?NQ$
18312 IF UPC$(Q$(it1))-*Y" THEN Sample

18390 EndsSUBEND
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16400 SUB Trock(Stat(*),Ost(*),Co(*)R*)Se'pleFSUt,WfAnqleN)
£6410 DEG
16420 OPTION BASE 1
18430 DEFAULT ON
16440 FIXED 2
£6450 PRINT "LORAN-C POSITION ANALYSISs N;F$
18451 Angle=Angle-i80
£8452 IF Angle<0 THEN Angle-Angle+360
18460 PRINT TAB(S);"1FROM hIP";-Wf;" TO IP";Wt;",TRACK- ";Angle," DEGREES"
18470 PRINT "REFERENCE WAYPOINT-";Wt
18480 Slope=R(i,1)
18490 IF R(3,1)-2 THEN Slope1i/Slope
18500 A=ATN(i/Slope)
£8510 IF Slope(0 THEN A=A+iB0
£8520 IF A(0 THEN A=A+360
18530 PRINT TAF4(S);*"RMS TRACKLINE=";A;-" DEGREES"
18540 PRINT TA8(S);"AVE CROSS TRACK DISTANCE=";(Oset(3)+Stt(33))*1000;-
"METERS"

18550 PRINT TAB(S);"STD DEV CROSS TRACK DISTANCE=11;Stot(4,3)*1000;" METER

18560 FIXED 3
18570 PRINT TAB(S);,"AVE X POS=";Oet(i)+Stit(3,1);,"KMK';TAB(40);,"Y POSm";-O
set (2)+Stit (3,2); "KMm
18S80 PRINT TAB(5);"STANDARD DEY X=";Stai(4,1)*t000;" METFRS";TAB(40);"Ym11;
Stcit(4,2)*i000;1"METERS"
18590 SUE4END
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19600 SUB Tr.Lcngle(Sap9bScpA,3,C)
£8610 INTEGER E
18620 DEG
16630 S=(9o+Sb+Sc)/2
18640 ON ERROR GOTO 18660
18650 GOTO 18690
£8660 PRINT "ERROR 25N;A;S;Sa;Sb;Sc
£8670 SUBEXIT
£8680 A-ACS(2*S*(S-Sa)/(Sb*Sc)-1)
18690 D=Sa/SIN(A)
18700 D=ASN(Sb/D)
16710 C-ASN(Sc/D)
18720 OFF ERROR
18730 E-AeBe-C
18740 IF (A(90) AND (E0180) THEN Alt

*18750 SUDEXIT
18760 Alti IF Sb(Sc THEN Alt2
£8770 B=180-B
18780 E=A+B+C
18790 SUPEXIT
16B800 Alt2, C-ISO1-C
18810 E=A.B+C
18820 SUBEND
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18830 SUB Pos.Ltkon(Zo(*),AlphaBc,8LgnR,X,Y)
1840 DEC
168SO OPTION BASE I
18860 Theta-A1phu4Siqn*BD
18679 XaZo(1)+Sc*SJN(Thetu)
18890 Y=Z*(2)+Sc*COS(Thato)
18890 SUREND
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18900 SUB Dif(Stat(*),O..set(*),NF$,Re,Ree)
18910 DEG
18920 OPTION BASE 1
£8930 DEFAULT ON
£8940 PRINT *ANALYSIS OF LORAN-C VS MINT-RANGER DATA; FILE-";F$
16950 PRINT -----------------------------------------------------------------------

18960 PRINT TAB(S)I"AVE ERROR IN X-DIRECTION=";(Oset(3)+Stot(3,3))*i.000;"M
ETERS M

18970 Rms=(Slt(203)/N+2*Oet(3)*(O~et(3)+tt(3,3))+O..set(3)2).S*1000
18980 PRINT TABCS)I-RMS ERRI1R IN X-DIRECTIONa=;Rms;"METERS"
18990 PRJNT TAB(S);*AVE ERROR IN Y-DIRECTION="(O~et(4)+Stt(3,4))*1000;ti
ET ER S
19000 Rms=(StaT(2,4)/N+2*O.set(4)*(O set(4)+Stot(3,4) )+Oset(4)A2)A .5*1000
19010 PRINT TAB(S);'RMS ERROR IN Y-D!RECTTON=";Rms; M ETERS"
19020 PRINT
£9030 PRINT TABC5)1"AVE CROSS TRACK ERROR=";(Oset(2)+Stt(3,2))*i000;"METE
RSN
19040 Rms=(Stat(2,2)/N+2*O set(2)*(O set(2)4Stt(3,2))+O ... et(2)A2)A.5*1000
190S0 PRINT TAB(S),-'RMS CROSS TRACK ERROR=";Rms;-"METER9"
19060 PRINT TAB(5);"AVE ALONG TRACK ERROR= ;(O set(i)+St'at(3,1))*1000;'"METE
RS"
£9070 Rms=(Slat(2,1)/N+2*O sel(1)*(0 set(i)+Stat(3,i) )+O~set(1)A2)A .5*1000
19080 PRINT TAB(S);-RMS ALONG TRACK ERROR=";Rms;"METERS"
19090 PRINT
19100 PRINT TAB(5);"RMS RADIAL ERROR(XY)=";Re;"METERS"

110PRINT TAE4(S);ORMS RADIAL ERROR(CT/AT)=';Ree;"METERS"
19120 SUBEND



19130 SUB Ploterr(Ex(*),Ey(*),NAt(*),R,P)
19140 PLOTTEi IS 13,"GRAPHICS"
191S0 GRAPHICS
19160 LOCATE 0,1b0,SS 1O0
19170 CALL Hi lo(At(*),NXoxXmin)
19180 Xmin=MIN(0,Xmin)
19190 XMax=MAX(X#ax,R)
19200 SCALE XminXmcxl-.O,.1t0
19210 AXES .t0,.01)00010
19220 FOR 1=1 TO N
19230 tORG S
19240 MOVE At(I),Ex(I)
19250 LABEL USING "-,K";"X"
19260 ! MOVE IEy(I)
19270 NEXT I
19280 MOVE RO
19290 LABEL USING "m#K";"I"
19291 MOVE .5,10
19292 LORG 3
19293 LABEL USING "m#K";"i00 M"
19294 LORG I
19295 MOVE .S,-.10
19296 LABEL USING "*,K";'-t00 M"
19297 LORG 5
19300 MOVE R/2p-.OS
19310 IF P=2 THEN 19340
19320 LABEL USING "#,K";"X-ERROR VS ALONG TRACK DISTANCE (KM)"
19330 GOTO 19350
19340 LABEL USING "#,K";"At-ERROR VS ALONG TRACK DISTANCE (KM)"
19350 LOCATE 0,100,0,4S
19360 SCALE XMin,Xmax,-.i0,.I0
19370 AXES .10,.01,0,0,10 ,0
19371 LORG S
19380 FOR I=i TO N
19390 MOVE At(1),Ey(1)
19400 LABEL USING "0,K";"Y"
19410 NEXT I
19420 MOVE R,0
19430 LABEL USING'"*,Ku;"I"
19431 MOVE .S,.10
19432 LORG 3
19433 LABEL USING "*,K";"i00 ns"
19434 LORG I
19435 MOVE .S,-.iO
19436 LABEL USING "#,K";"-i00 no"
19437 LORG S
19440 MOVE R/2,-.OS
19450 IF P=2 THEN 19480
19460 LABEL USING ",K;"Y-ERROR VS ALONG TRACK DISTANCE (KM)"
19470 SUBEXIT
19480 LABEL USING H#*KU;"Ct-ERROR VS ALONG TRACK DISTANCE (KM)"
19490 SUDEND
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19500 SUB Xerrplot(TAx(*),Ay(*)Bx(*)By(*)MinxMoxxMinyMoxyN)
19510 DIM L$[80]
19520 PLOTTER IS 13,"GRAPHICS'
19530 GRAPHICS
19540 LOCATE 0,i00,i,100
19550 FRAME
19560 SHOW Minx-.i,Moxx+.1,Miny-.1,Maxy+.1
19570 AXES .1,.1,MinxMiny,,10i
19580 GRID 2,2,MinxMiny#1,1
19590 LINE TYPE T
19600 MOVE Ax(1),Ay(t)
19610 LORG S
19620 CSIZE i
19630 FOR I=i TO N
19640 MOVE Ax(I),Ay(I)
19650 DRAW Bx(I),By(I)
19660 LABEL USING " K"*K"O"
19670 NEXT I
19680 Label:!
19690 LOCATE 0,100,0,i
19700 SCALE 0,100,0,10
19710 CSIZE 3.0
19720 L$="ERROR PLOT: MINI-RANGER FIX(.) LORAN-C FIX(o)"
19730 MOVE 50,5
19740 LABEL L$
19750 PAUSE
19760 INPUT "HARD COPY? Y OR N",H$
19770 IF H$="Y" THEN DUMP GRAPHICS
19780 EXIT GRAPHICS
19790 SUBEND
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19900 SUB WorpCX(*),Y(*),Z(*),ZxC*),Zy(*),Z@(*)DTO(*),ZxNit(*),VNAt(*),Rp
it ,Wf,ConfpF*)
19910 1FUNCTION CALCULATES DIFFERENCE BETWEEN MEASURED TDs AND TDs
19920 1 PROJECTED FROM A*NEARBY WAYPOINT USING HYPERBOLIC GEOMETRY
£9630 1INPUTS:
£9840 9 X(*),Y(*),Z(*)- MEASURED TD ARRAYS( NOT NECESSARLY TDXTDYTDZ)
£9950 ! Zx(*),Zy(*)- POSITION DATA CALCULATED FRON MINI-RANGER DATA
19860 1 Zo(*)- WAYPOINT POSITION
£9870 9 To(*)- WAYPOINT TDs
19860 ! Zxmit(*)- TRANSMITTER XY POSITIONS
19890 9 At(*)- ALONG TRACK DISTANCE ARRAY
£9900 ! WtoWf- WAYPOINT TO AND WAYPOINT FROM
£9910 ! F$-DATA FILE NAME
£9920 i R- RANGF BETWEEN WAYPOINTS
£9930 9 V- VELOCITY OF PROPOCATION
£9940 9 N- NUMBER OF SAMPLES
19950 9 Conf- CHAIN CONFIGURATION; 1=XYZ, 2=WXY, 3=WXZ, 4=WYZ
19960 1 CALCULATED:
£9970 1 Xe(*),Ye(*),Ze(*)-TD ERROR ARRAYS
19980 ! Stat(*),0.set(*),Coy(*)- STATISTICS OF TD ERRORs
£9990 OPTION BASE I
20000 DEFAULT ON
20010 DIM R(4),TI(3),T2C3),Xe(400),Ye(400),.Ze(400),Stot(4,4),O~set(4),Cou(3
#6)
20020 DIM L$E803
20030 MAT Xe-(0)
20040 MAT Yez(0)
20050 MAT Zew(0)
20060 9 CALCULATE h(Zo)-(Rongesecondary-Range..master)/Velacitypropoqotion
20070 FOR I-1 TO 4
20090 R(I)-SQRC(Zo(£)-Zxnit(I I) )A2+(Zo(2)-Zxnit(I,2))A2)
20090 NEXT I
20100 FOR I-1 TO 3

*20110 Ti(I)=(RCI)-R(4))/V
20120 NEXT I

* 20130 ! CALCULATE h(Zi); Error=(TDi-TDo)-(h(Zi)-h(Zo))
20140 FOR I=1 TO N
201S0 ! CALCULATE h(Z&)
20160 FOR 3=1 TO 4
20170 R(3)=SQR( CZxCI)-Zx'it(J,i) )A2+(ZyCI)-Zxpmit(3,2) )A2)
20180 NEXT 3
20190 FOR 3=1 TO 3
20200 T2(3)inCRC3)-R(4))/V

* 20210 NEXT I
20220 1 CALCULATE Error=(TDi-TDo)-(h(Zi)-h(Zo))
20230 XeCI)=X(I)-To~1)-(T2(i)-T1C1))
20240 Ye(I)-YCI)-To(2)-(T2(2)-TiC2))

* 202S0 ZeCI)=Z(I)-To(3)-CT2(3)-TI(3))
20260 NEXT I
20270 Smoothil

* 20260 FOR 1-2 TO N-I
20290 Xe C )=.7*Xe (I-1)' *3*Xe( I)
20300 YeCI)-.7*Ye(I-i)4,3*Ye(I)

* 20310 Ze(I)-.7*Ze(I-1)+.3*ZeCI)
20320 NEXT I



20330 1CALCULATE TO ERROR STATISTICS
20340 CALL Statjo((),(*Ye)Z.)Stt)Co*,otC)N
203S50 PRINT RESULTS
20360 IF Conf-1 THEN L$3 "TDX-ERROR TOY-ERROR TDZ-ERRORN
20370 IF Conf-2 THEN L$-&TDWr-ERROR TDX-ERROR TDY-ERROR'
20380 IF Canf-3 THEN L$=NTDW-ERROR TDX-ERROR TDZ-ERROR"
20390 IF Conf-m4 THEN L$*"TDW-ERROR TOY-ERROR TDZ-ERROR"
20400 FIXED 0
20410 PRINT "FILE=";FS;n REFERENCED TO WAYPOINT;jWt;":"
20420 PRINT TABC10);L$
20430 FIXED 3
20440 PRINT "AVE";TAB(i0);StotC3,2)+GOset(2)ITAB(2S);Stait(3,3)+OsetC3);TAB
(40) ;Stat(3.4)+Oset(4)
204S0 PRINT "STD DEV";-TAE(10);Stut(4,2)ITAD(2S);Stut(4,3);,TAB(40);Stot(4,4)
20460 1 PLOT DATA
20470 CALL T errplot(Xe(*),Ye(*),Ze(*),A (*),R,N,Conf,Wt,Wf,F$)
20480 SUBEND
20490
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20500 SUB Terplo1t(A(*)B(*),C(*),At(*),RNConffWtpW F$)
20510 DEG
20520 ! PLOT TD ERROR DATA VS ALONG TRACK DISTANCE
20530 ! CALCULATE MIN AND MAX OF ERROR ARRAYS
20540 CALL Hi_lo(A(*)pNKaxaina)
20550 CALL Hi_lo(B(*),,NaxbMinb)
20560 CALL Hi lo(C(*),NMaxcMinc)
20S70 ! CALCULATE MIN AND MAX OF ALONG TRACK DATA
20S80 CALL Hilo(At(*),NMaxatMinot)
20S90 ! GENERATE Y-AXIS LABELS
20600 IF Conf=t THEN LtS="TDX"
20610 IF Confol THEN L1$="TDW"
20620 IF (Conf=2) OR (Conf=3) THEN L2$="TDX*
20630 IF (Confui) OR (Conf=4) THEN L2$="TDY"
20640 IF Conf02 THEN L3$=ITDZ"
206S0 ! PLOT A(*) DATA ON TOP QUARTER OF SCREEN
20660 PLOTTER IS 13,"GRAPHICS"
20670 GRAPHICS
20680 LORG S
20690 LOCATE i0,120,7Si00
20700 Miny=MIN(-.1,Mina)
20710 Moxy-MAX(.1Mxa)
20720 Minx=KIN(OMinat)
20730 Koxx=MAX(RMaxot)
20740 SCALE MinxMoxxMinyMKxy
207S0 AXES .i.1,0,0,10010
20760 MOVE At(1),A(1)
20770 FOR 1=1 TO N
20780 DRAW At(I),A(I)
20790 NEXT I
20800 MOVE RO
20810 LABEL 010
20820 MOVE -(Moxat-Minat)/30,0
20830 LDIR 90
20840 LABEL L1$
20850 LDTR 0
20860 ! PLOT B(S) DATA
20870 LOCATE 100120,48,73
20880 Miny-MIN(-.tMinb)
2089L Mciy-MAX(.1,Maxb)
20900 SCALE MinxMaxxMinyMaxy
20910 AXES .1,.01,8,0,100
20920 MOVE At(1),3(1)
20930 FOR Io TO N
20940 DRAW At(I),3(I)
209S0 NEXT I
20968 MOVE 300
20970 LABEL 010
20980 MOVE -(Muxu-Minat)/30.0
20990 LDIR 90
25000 LABEL L2$
21010 LDIR 0
21020 ! PLOT C(S) DATA
21030 LOCATE 10,120,20045
21040 Miny=mIN(-.1,Minc)
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210S0 Maxy-MAX( .1,Maxc)
21060 SCALE MinxoMaxx,MlnypMoxy
21070 AXES .10.01,,0010010
21080 MOVE At(1),CCI)
2109P0 FOR I=I TO N
21100 DRAW At(l),C(I)
21110 NEXT I
21120 MOVE R,0

*21130 LABEL "1u
21140 MOVE -(Maxat-Minat)/30,0
211S0 LDIR 90
21160 LAPEL L3$
21170 LDIR 0
21180 ! LABEL
21190 FIXED 0
21200 LOCATE 0,120,0020
21210 SCALE 0,120,0,20
21220 MOVE 10,18
21230 LABEL Wt
21240 MOVE 120,18
212S0 LABEL Wf
21260 MOVE 60,15I
21270 LABEL -VERTICAL=100 NANOSEC/MAJOR DIV HORIZONTAL-I KM/MAJOR DIV*
21280 MOVE 60,12
21290 LABEL "SMOOTHED TD ERROR VS ALONG TRACK DISTANCE"
21300 WS=VAL$(Wt)
21310 MOVE 60,9
21320 LABEL "REFERENCED TO WAYPOINT "&W$
21330 MOVE 60,6
21340 LABEL 'lFILE="&FS
21350 1 HARD COPY
21360 PAUSE
21370 INPUT *HARD COPY? Y OR N"',Hc$
21380 IF Hc$='Y" THEN DUMP GRAPHICS
21390 EXIT GRAPHICS
21400 SVE4END
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21410 SB Pseudo(Glat,GlonR(*),Plut.,Plon)
21420 OPTION BASE 1
21430 RAD
21440 DIM X(3),T(3)
21450 T(1)-COS(Glat)*COS(Glon)
21460 T(2)=COSCG1at)*SIN(Glon)
21470 T(3)-SINCG1Qt)
21490 MAT X-R*T
21498 H=SQR(X(i)A2,X(2)A2)
21500 Plat-ATN(X(3)/H)
21510 Plon=ATN(X(2)/X(1))
21520 SUIIEND
21S30
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21600 SUB Rolate(Glut,GlonR(*))
21610 RAD
21620 OPTION BASE 1
21630 R(t,1)=COS(G1at)*COS(Glon)
21640 R(2,1)--SIN(Glon)
216S0 R(3,1l)=-SINCGlat)*COS(Glon)
21660 R(1,2)=COS(Glot)*SIN(Glon)
21670 R(2,2)-COS(Glon)
21680 R(3,2)=-SIN(Glat)*SIN(Glon)
21690 R(1,3)=SIN(Gt)
21700 R(2,3)-0
21710 R(3,3)=CDS(Glat)
21720 SUREND
21740
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217S0 SB Cov't(Plct.,PlonXY)
21760 OPTION BASE 1
21770 RAD
21790 R-6378.135
21790 CosoCDS(Plat)*COS(Plan)
2180 Sinin9QR(1-Co%42)
21810 Theta=ATN(Sin/Cos)
21820 S=R*Theta
21930 Sin=SIN(Plat)/SIN(Thatc)
21940 Cos-SIN(Plon)*COSCPlot)/SIN(Theta)
21850 X-S*Cos
21860 Y-SSin
21870 SUDEND
21890 1
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21900 RDEF FNG1lat(RlulkF)
21910 RAD
21920 RETURN ATN(1-F)42*TAN(Rlat))
21930 MNEND
21950 1
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21960 SUB Reffile(R(*)R$(*)tRp$)
21970 1 PROGRAM TO STORE POSITION REFERENCE DATA
21990 OPTION BASE I
21990 PRINTER IS 0
22010 INPUT *REFERENCE POSITION FILE NAME?-,Rp$
22020 F2-1
22030 INPUT "IS THIS FILE PRESENTLY ON TAPE?"oEx$
22040 IF UPCS(Ex$)snN" THEN CREATE Rp$,4
22060 ContiASSIGN ft TO Rp$
22070 IF UPC$(ExS)-OYN THEN READ #t;RS(*),R(*)
22090 OptIINPUT "MODIFY/CREATEI, LIST2, SAVE3; QUIT4"tOpt
22100 IF (Opt(l) OR (Opt04) THEN Opt
22110 ON Opt GOTO InputListFileEnd
22160 Input:FOR N-I TO 3
22170 INPUT "LADELWR$(N)
22270 INPUT OX-POSITION?-pR(Not)
22280 INPUT 0Y-POSITlON?,jR(N,2)
22290 PRINT N;R$(N);TAB(20);R(NI);TAB(30);R(N,2)
22291 NEXT N
22300 GOTO Opt
22310 List: PRINT LIN(S);N'POSITTON REFERENCE FILE: ";Rp$
22311 FOR I-I TO 3
22320 PRINT I)R$(I))TAB(2S))R(I,1);TAE(3S);R(I,2)
22330 NEXT I

231PRINT LIN(S) T p
230GOTO Opt

22360 PRINT *1,1;R$(*),R(*)
22370 End:SUDEND
22371 1

1
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22390 SUB Deeler(i(),X($),Y(*),Z(*),R1(*),R2(*),T$(*),NF$)
22390 OPTION BASE I
22400 DIM We(400)Xe(400)Ye(400)Ze(400)pTe$C400)pRie(40O),R2e(400)
22410 PRINTER IS 0
22420 3-0
22430 FOR I=1 TO N
22440 IF (Imt) OR (I-N) THEN 22470
224S0 SoMpi: IF ABS(Ri(I)-(R1(I+1)+RI(I-i))/2))00 THEN Next
22460 IF ABS(R2(I)-(R2(I+1)+R2(I-i))/2))i00 THEN Next
22470 3J3+1
22480 DISP Ip3
22490 Ue(3)=(I)
22S00 Xe(J)=X(I)
22S0 Ye(3)=Y(I)
22S20 Ze(3)=Z(I)
22S30 Rle(J)sRt(I)
22540 R2e(3)=R2(I)
22550 Te$(J)=T$(I)
22560 GOTO 22580
22570 Next:PRINT "SAMPLE DELETED&0;I
2250 NEXT I
22590 Delete=N-3
22600 N=J
22610 NAT W=Xe
22620 MAT XXe
22630 MAT Y=Ye
22640 MAT Z=Ze
226S0 MAT RI=Rle
22660 MAT R2.R2e
22670 FOR I- TO N
22680 T$(I)=Te$(I)
22690 NEXT I
22700 PRINT "SAMPLES DELETED=";Delete;" SAMPLES REMAINING=";N
22720 End:SUBEND
22740 !
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22750 SUB Curt~coord(X(*),LatLunpZ(*))I
22760 OPTION BASE 1
22770 1 CALCULATE XY COORDINATES OF TRANSMITTERS(Z(*)) WITH RESPECT
22790 1 TO LOCAL GRID ORIGION(LutLon)
22790 1 INPUT a TRANSMITTER GEODETIC POSITIONSIXC$)
22800 1 LAT AND LON OF LOCAL GRID ORIGION; Lat,Lon
22910 1OUTPUT, TRANSMITTER XY POSITIONS; Z(*)
22620 1 SEE APL TECH NOTE
22630 DIM G(4,2),P(4,2),Rotate(3,3)
22840 Fa.0033S27B
22850 Rlat=Lal*PI/i80
22860 Rlat=FNGlut(Rlut,F)
22870 Rlon=Lon*Pl/i90
22880 CALL Rotate(Rlut,Rlon,Rotate(*))
22890 FOR I=i TO 4
22900 CCIpi)=X(II)*PI/180
22910 G(I,i)=FNGlat(G(I,1),F)
22920 GCI,2)=X(1,2)*PI/1BO
22930 CALL Pseudo(G( 11) ,G(I ,2) ,Rotute (*) ,P (I,i),P(I ,2))
22940 CALL Curt(PCI,)1,pP(I,2),Z(I,i) ,ZCI,2))
229S0 NErXT I
22960 SUBEND
22961
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23030 SUB Wp3CU(*),C,WT(*)#Z(*)pL$)
23040 OPTION BASE I
23050 1 SELECT THE 3 TDs TO BE USED AS THE WAYPOINT(T(*)) FOR THE
23060 13-TD FEHG SOLUTION BASED ON THE CHAIN CONFIGURATrON(C)
23070 1INPUTSi
23080 i Id(*); WAYPOINT TABLE
23090 1C; CHAIN CONFIGURATION# 1-XYZO 2=WXYp 3-WXZ# 4-UYZ
23100 1 Wd; WAYPOINT NUMBER
231O10 OUTPUTS:
23120 ! T(*); WAYPOINT TDs
23130 9 Z(*); WAYPOINT XY POSITION
23140 1 L$; LABEL
23150 Z(1#1)=Id(Is)
23160 Z(2,i)=d(Id6)
23170 ON C GOTO Xyz,Wxy,WxzIdyz
23190 Xyz:!
23190 TCI,l)Id(I,2)
23200 T(2,i)Id(h,3)
23210 T(3,1)=d(I,4)
23220 L$="XYZ"
23230 SUBEXIT
2 3240 Wxy:
232S0 T(l1,1)=d(Id,l)
23260 T(2,1)=W(CW,2)
23270 T(3 I1)=J(Id3)
23280 L$="IdXYN
23290 SUI4EXIT
23300 Wxzsl
23310 T(1,1)=Id(Id1)
23320 T(2,1)=WCW,2)
23330 T(3:i)=d(I,4)
23340 LS="WXZ"
233S0 SUBEXIT
23360 Wy1z: I
23370 T(1,1)=d(WId,)
23380 T(2,1)=W(W,3)
23390 T(3,1)=U(Id,4)
23400 L$="WYZ*
23410 SUBEND
23430 1
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23440 SUB Td3(W(*),X(*),Y(*),Z(*),ICT(*))
234S0 OPTION BASE I
23460 ! SELECTS THE PROPER TD SAMPLES FOR CALCULATING XY POSITION
23470 ! BASED ON CHAIN CONFIGURATION AND 3-TD FEHG SOLUTION
23480 1 INPUTS:
23490 ! W(*),X(*),Y(*),Z(*); TD DATA ARRAYS
23500 1 I; SAMPLE NUMBER
23510 1 C; CHAIN CONFIGURATION i=XYZO 2=WXY, 3=WXZ, 4-WYZ
23520 1 OUTPUT:
23530 1 T($); TD SAMPLE
23540 ON C GOTO XyzWxyWxzWyz
23550 Xyz:!
23560 T(i~i)=X(I)
23S70 T(2)i)=Y(I)
23580 T(3,i)=Z(I)
23S90 SUBEXIT
23600 Wxy: !
23610 T(ii)=W(I)
23620 T(2it)=X(I)
23630 T(3,i)=Y(I)
23640 SUBEXIT

236S0 Wyz: i
23660 T(Ii)=W(I)
23670 T(2,i)=Y(I)
23680 T(31i)=Z(I)
23690 SUBEXIT
23700 Wxz:
23710 T(1,1)=W(I)
23720 T(2,1)=X(I)
23730 T(3,1)=Z(I)
23740 SUBEND
23760 1
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23770 SUB Wp2(b(*),CpWT(*),PZ(*),GI2C*)DG23(*),G.-3(*),G(*),L$,Zx(*),Zxt(*

23780 OPTION BASE I
23790 1SELECT WAYPOINT TDsOPOSITION,TRANSMITTER POSITIONS AND G-MATRIX FOR
2-TD FENG SOLUTION

23800!1 FEHG SOLUTION BASED ON CHAIN CONFIGURATION AND DESIRED TD PAIR
23810 ! INPUTS,
23820 1 W(*); WAYPOINT TABLE
23830 1 C; CHAIN CONFIGURATION I=XYZ, 2dXY,. 3-WXZ, 4-WYZ
23840 1 PI TD PAIR
238S0 G12(*),G23(*)j.Gi3(*); 2-TD G-MATRICES
23660 1 Zx(*); TRANSMITTER POSITIONS
23870 1 OUTPUTS%
23880 1 TC*); WAYPOINT TDs
23890 1 G(*); G-MATRIX
23900 1 ZC*); WAYPOINT POSITION
23910 I Zxt(*); TRANSMITTER POSITIONS FOR 2-TD SOLUTION
23920 1 L$; LABEL
23930 Z0i)=W(W,5)
23940 Z(2,i)=W(IJ,6)
239S0 Zxt(3,t)=Zx(4,i)
23960 Zxt(3,2)=Zx(4,2)
23970 ON C GOTO Xyz,WxyWxz,Wyz
23980 Xyz:l
23990 INPUT "MINPUIT TD PAIR; XYl, XZ2, YZ3",P
24000 ON P GOTO Xy,Xz,Yz
24010 Wxyt!
24020 INPUT mINPUT TD PAIR; UXi, WY2, XY3",P
24030 ON P GOTO Wx,WD,XyI
24040 WXz:1
24050 INPUT *INPUT TD PAIR; biXI) WZ2p XZ3",P
24060 ON P GOTO Wx,Wz,Xz
24070 Wyzil
24080 INPUT "INPUT TD PAIR; WYlp biZ2, YZ3",P
24090 ON P GOTO Wy,Wz,Yz
24t00 bixs!
24110 T(1,1)=i(bi,l)
24120 TC2,i)-W(W,2)
24130 L$=OWXO
24140 GOTO X,ilse1
24150 Wy: 1
24160 T(ti)=W(14,i)
24170 TC2,1)=blCW,3)
24180 L$=OWY"
24190 GOTO X.it-se
24200 Vz: 1
24210 T(l,1)=W(W,1)
24220 T(2t1)=W(W,4)
24230 L$.OWZO
24240 GOTO Xmit-sal
24250 XytI
24260 T(1,1)-WCU,2)
24270 T(2,1)-b5(W,3)
24260 L$=NXY"

24290 6010 Xem1t.oe1
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24300 Xz: 1
24310 T(I,1)-UCU,2)
24320 T(2,1)m(Id,4)
24330 LS=*XZ*
24340 GOTO Xmit-sa1
24350 Yz:I
24360 T(1,i)=W(W,3)
24370 T(2,1)=W(W,4)
24390 L$="YZ"
24390 GOTO Xmit sale
24400 x9nit sel:T
24410 ON P GOTO X12,Xi3,X23
24420 X12:1
24430 MAT G=G12
24440 Zxt(iji)=7x(1,1)
24450 Zxt(i,2)=Zx(i,2)
24460 Zxt(2,i)inZx(2,i)
24470 Zxt(2,2)=Zx(2,2)
24460 SUEIEXIT
24490 X13'
24500 MAT G-G13

24S20 Zxt(l,2)-Zx(1,2)
24530 Zxt(2,i)=Zx(3,1)
24540 Zxt(2,2)-ZxC3p2)
24S50 SUDEXIT
24560 X23:
24570 MAT G-G23
24580 Zxt(i,l)-Zx(2p1)
24590 Zxt(1,2)=Zx(2,2)I24600 Zxt(2,i)=Zx(3,1)
24610 Zxt(2,2)=Zx(3.2)

*24620 SUBEND
* 24640 1
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24650 SUB Td2(W(*),X(*),Y(*),Z(*),ICPT(*))
24660 ! SELECT THE PROPER TD SAMPLES FOR CALCULATING XY POSITION
24670 1 BASED ON CHAIN CONFIGURATION, TD PAIR, AND 2-TD FEHG SOLUTION
24680 ! INPUTSi
24690 ! W(*),X(*),Y(*)sZ(*); TD DATA ARRAYS
24700 1 Il SAMPLE NUMBER
24710 ! C; CHAIN CONFIGURATION
24720 ! P; TD PAIR
24730 1 OUTPUT:
24740 ! T(*); TD SAMPLE
24750 OPTION BASE 1
24760 ON C GOTO XyzWxyWxzIyz
24770 Xyz:!
24780 ON P GOTO XyXzYz
24790 xy:!
24800 ON P GOTO Wx.,WyWz
24810 Ixz:!
24820 ON P GOTO Wx,WzXz
24830 yz:!
24840 ON P GOTO WyWzYz
24850 Wx:!
24860 T(ii)=W(I)
24870 T(2,t)=X(I)
24880 SUDEXIT
24890 Wy:!
24900 T(1,1)=U(I)
24910 T(2,1)=Y(I)
24920 SUBEXIT
24930 WZ:!
24940 T(i,1)mW(I)
24950 T(2,1)=Z(I)
24960 SUBEXIT
24970 Xy:!
24980 T(1,1)=X(I)
24990 T(2,1)=Y(I)
25000 SLIBEXIT
25010 Xz:I
25020 T(1,1)=X(I)
25030 T(2,1)=Z(I).
25040 SUBEXIT
25050 Yzl!
25060 T(1,)=Y(I)
25070 T(2,1)-Z(I)
25080 SUREND
25100 !
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25110 SUB bpf2(W(*),CPUTC$))
2S120 1 SELECTS PROPER TDs FROM WAYPOINT FILE FOR CALCULATION OF
2S130 1 THE "FROMN WAYPOINT POSITION USING THE 2-TD FENG 90OLUTION
2S140 I INPUTS:
25150 i W(*); WAYPOINT FILE
25160 ! C; CHAIN CONFIGURATION
?S170 1 P; Tb PAIR
25180 i W; W~AYPOINT FROM
25190 1OUTPUT:
25200 i T(*); 2-TD WAYPOINT FOR WAYPOINT FROM
25210 ON C GOTO Xyz,Wxy,Wxz,Wyz
25220 Xyz: ON P GOTO XyXzpYz
25230 Wxy: ON P GOTO WxUypXy
25240 Wyz: ON P GOTO Wy,Wz,Yz
25250 Wx:l
25260 T(,ip)-W(W,1)
25270 T(2,i)=W(W,2)
25280 SUREXIT
25290 Wy:!
25300 T(1,1)=W(W,i)
25310 T(2,1)UW(W,3)
25320 SUBsEXIT
2S330 Wzsl
25340 T(1,1i)W(W,1)
25350 T(2,i)=W(W,.4)
25360 SUREXIT
25370 Xy:i
2S380 T(1,1)-W(W,2)
2S390 T(2,i)=W(W,3)
2S400 SUREXIT
25410 Xzt!
25420 T(l,1)-W(W,2)
25430 T(2,1)zU(W,.4)
2S440 SUREXIT
25450 Yz:I
2S460 T(1,i)-W(W,3)
25470 TC2.,1)U(Wp4)
25480 SUBrND
25500 1
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25510 SUB Rb(XIYioX2tY2j3,R)
2S520 DEC
25530 DEFAULT ON
2S540 Dx-X2-Xi
25550 DyinY2-YI
25560 RuSQR (Dx A2+DY42)
2S570 B-ATN(Dx/Dy)
25580 IF Dy(0 THEN 14*D+180
25590 IF B(0 THEN B-B+360
25600 SUBEND
2S6011I
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26180 SUB Compor(Pos~x(*),Pos~p(*),Zx(*),Zy(*),AtCS),Ct(*),Att(*),Ctt(*),F$
.N#R)
26190 DIM Ae(400),Ce(400),Xa(400),Ye(40O),9tat(4,4),Cov(36)O..iet(4)
26200 ! COMPARE MINI-RANGER AND LORAN-C POSITIONS
26219 RemO
26220 Ree-0
26230 FOR 1-1 TO N

26240 Xe(I):Pos xCI)-Zx(l)

26260 Ce(I)=Ct(I)-Ctt(I)
26270 Ae(I)=At(I)-Att(I)
26280 Re-Re+( (Xe(I)*iCD)A2+(Ye(I)*1OOO)A2)
26290 ReeinRee+( (Ce(I)*iODO)A2+(AeCI)*1000)A2)
26300 NEXT I
26310 Re=(Re/N)AS
26320 Ree=(Ree/N)4.5
26330 CALL Stat iotCAe(*),Ce(*),Xe(*),YeC*),St~t(*),CovC$).,O~set(*),,N)
26340 FIXED 3
26350 PRINTER IS 0
263,60 CALL Dif(Stut(*),O~set(*),N,FSRepRee)
26370 CALL Plot .err(XeC*),Ye(*),N,Att(*),R,1)
26380 PAUSE
26390 INPUT "HARD COPY?,Y OR N-#HS
26400 IF HW~Y" THEN DUMP GRAPHICS
26410 CALL. Plot-err(Ae(*),Ce(*),N,Att(*))R,2)
26420 PAUSE
26430 INPUT "HARD COPY?,Y OR N',HS
26440 IF HW" THEN DUMP GRAPHICS
26450 EXIT GRAPHICS
26460 SUBEND
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26470 SUB Ref loci (,Wpt(*)W(S) pXCS) pY(S) Z(*) pZx(*)Zy(*)C~flZxml (*)ON
Ov)
26480 OPTION BASE I
26490 DIM T1C400),T2C400),T3(400),eoar(4),RangeC4)DT(3'
26S00 1 REFLECTS TDs M4EASURED NEAR A WAYPOINT TO THE WAYPOINT
26510 1 TDreflect-TDnoGs-(h(Zt~aus)-h(Zwaypoknt))
26520 I h(Z)-(Rongesecndry-Rnqaeaster)/Veocity.propogotion
26530 I CALCULATE h(Zwaypoint)
26540 FOR 1-1l TO 4
26SSO CALL Rb(Upt(W,S),Wpt(W,6),Zxnit(I,1),Zxmit(I,2) ,Beur(I),Range(I))
26560 NEXT I
26570 FOR I=1 TO 3
26580 T(I)in(Rung.(I)-Ranqe(4))/V
26590 NEXT I
26600 1 CALCULATE h(Zm,.o.)-h(Zwaypoint)
26610 FOR 1-1i TO N
26620 FOR J-1 TO 4
26630 CALL Rb(Zx(I),ZyCI),Zxit(J,),Ze'it(J)2),Beor(J),Runge(3))
26640 NEXT J
26659 Ti(I)=(Range(l)-Ronge(4))/V-T(1)
26669 T2(I)in(Range(2)-Ronge(4))/V-T(2)
26670 T3(1)=(Rrnge(3)-Range(4))/V-T(3)
26690 NEXT IA 26690 1 CALCULATE TDtmeas-(h(Zfeas)-hCZwaypoint))
26700 ON Conf COTO XyzpWxy,Wxz,Wyiz
26719 XYZI
26720 MAT Win(0)I, 26730 MAT X-X-Ti
26740 MAT Y-Y-T2
26750 MAT Z=Z-T3
26760 SUBEXIT
26770 Wxyt I
26760 "AT WmWi-Ti
26790 NAT X=X-T2
26800 MAT Y-Y-T3
26910 NAT Zw(0)
26820 SUSEXIT
26830 WKzi 1
26640 MAT WwW-T1e
26850 MAT X-X-T2
26660 MAT Yin(S)
26970 1NAT Z.Z-T3
26990 SUSEXIT
26890 Wyzt I

* 26900 MAT WwW-TI
26910 MAT Xw(S)
26920 1MAT YmY-T2
26930 MAT Z-Z-T3
26940 SUBEND
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